MAINTENANCE  EXPERIENCE 
DESIGN  HANDBOOK 


n  :  ^ 


Pr«(»r«d  far 

MAINTENANCE  POLICY  AND  ENGINEERING  DIVISION 
Naval  Air  Systarat  Command 
WasKington,  D.  C.  20361 


REVISION  A 
SEPTEMBER  1979 


I 

1 


AIRCRAFT 

MAINTENANCE  EXPERIENCE 
DESIGN  HANDBOOK 


VOUGHT  CORPORATION 
DALLAS,  TEXAS 


REVISION  A 
SEPTEMBER  1979 


for 

MAINTENANCE  POLICY  AND  ENGINEERING  DIVISION 
Naval  Air  Systvms  Cammand 
Washington,  D.  C.  20361 


REVISION  A 
TO 

AIRCRAFT  MAINTENANCE  EXPERIENCE  DESIGN  HANDBOOK 


Revision  A  adds  scheduled  inspections  and  other  support  actions  to  the 
Aircraft  Maintenance  Experience  Design  Handbook.  Section  3-0  has  been  revised 
and  Section.^  5.22  thru  5.26  have  boon  added. 

REMOVE  PAGES:  V  thru  XI,  3-1  thru  3-17,  5-1,  5-2  and  Reference  3 

INSERT  PAGES:  V  thru  XI,  3-1  thru  3-18,  5-1,  5-2,  5-129  thru  5-190,  Reference 

3 

All  revisions  are  indicated  by  a  black  vertical  line  in  the  right/left 
margin  on  the  page  which  the  change  appears.  Revised  pages  without  indicated 
change  marks  arc  spill  over  due  to  the  report  being  prepared  by  automatic 
processing.  Pages  5-129  thru  5-190  are  new  additions  to  the  report. 


Original  document:  AD  A  084627  or  NAVATR  00-25-402 


f 

f 


SCCUniTY  CLA'^SlFlCATlON  Or  THIS  I^ACC  Dm4m 


r 


REPOK  r  DOCUMENTATION  PAGE 


READ  mSTRUCTIONS 
BEFORE  COMPLETING  FOR.VI 


«tFC«T NUMMSn 


2.  aovr  ACCESSION  no.i 


3.  ITiCIPjENT’S  CATAWH*N^I 


uMsen 


S.  TYPE  OE  REMiyrVFErtreO  CDVERKtJ^ 

Final  -depart' 
JuJjiiwIWi  ^  Sep1ii»il»»r 


1,4.  title  i'4r.  ;  Suhlltlm) 


I 


MRCRAFT  MAINTENANCE  EXPERIENCE 

design  handbook,  • 

,  /L 


«.  ORO.  «fPORT^UM»eft  X 


/ 


wny  -  '■ 

Donald  'l^uperre 
Dsnni  s  Aovatch 


AND  AOOftSSS 


li 


^i.a.  .cou^t^HACt  -om  emAHT 


H0pU0~78~C~0^0li-  subtask 
subtask 


Vought  Corporation  / 

Maintainability  Engineering 

P.  0.  Box  225907  -  Dallas.  Texas  75265 


10.  PROONAM  SLSMEMT.  PROJECT,  TASK 

AREA  A  WORK  UNIT  NUMESRS 


II.  CONTROULINO  amCS  NAME  ANO  AOORESS 


Naval  Air  Systems  Command 
Air  -■  4114 
Washington.  D.  C. _ 


Revision  A 

ms 


TT.  monitoring  AGENCY  NAME  A  AODRESS^ff  d</f>nn»  Nw '^anira/NnA  Oltlet) 


IS.  SECURITY  CLASS,  (at  thf  rrpMt) 

Unclassified 


iSa.  OeCLAS$iriCAT}Ow7 OOWN^nAOiNO 
SCHEOUi.e 


«.  OlSrnidlUTION  STATCMCNT  («l  mta  Ampaet) 


IT.  OISTRieuTION  statement  (al  (A*  «A«ri*c«  «ic*r«W  In  Block  30,  II  dlllcrcnl  trcm  Rcoart) 


Approved  for  public  release;  distribution  unlimited 


It.  su^^lcmchtairy  notsg 


If.  KKY  WOnOf  e'da  it  ivacvaearr  Mtstf  br  block  r»v«tt«f> 


Maintainability,  maintenance,  aircraft  maintainability  installation  design, 
prediction  techniques,  handbooks. 


AtS  I  RACT  (Conttmto  an  rowormo  vltto  it  noaooomrr  arb  (dont/f*  bT  blocM  mmibor) 

''"h-  Alfcraft.  Maintenance  Experience  Design  Handbook  was  developed  for 
the  Maintenance  T^(nTc7~5nT^ngineerTnqrUT7ision  of  the  Naval  Air  Systems 
Command.  This  Handbook  presents  guideline  procedures  for  evaluating  new 
aircraft  qu  ■'0+' t.=  ti  vc-  malntoircbi  1  i  ty  po-.-orctors  ,  establishing  weapon 
system  requirements  and  analyzing  component  designs. 

Aircraft  '^-ai ntenance  E.xperience  Design  Handbook  is  organized  into 


DD  !  jAn*7J  1473  eOlTION  OK  1  NOV  €*  I*  0»»0UBT« 
S.  N  0  lOl-”!.-  6A01 


UNCLASSIFIED 


SCCURITY  CLA»»|K1CATiON  OF  TMU  F  ‘-O*  (Wkon  Omt*  Kitn.od) 


_ UNCLASSIFIED _ 

,ll.ij»<|TY  classification  or  this  PXjgClWKw  om*  Bntmnd) 


5.  TYPE  OF  REPORT  AND  PERIOD  COVERED: 

Final  Report^  January  1975  -  December  1976 

8,  CONTRACT  OR  GRANT  NUMBER (S): 

N00140-76-C-0025,  subtask  LTV-7T-26 

12.  REPORT  DATE: 

Original  -  11  September  1973 

20.  ABSTPU\CT: 

/  three  parts.  Parts  I  and  II  addressing  maintenance  at  both  the  Organizationa 
and  Intermediate  levels  while  Part  III  is  primarily  a  discussion  of  component 
installations  at  the  Organizational  level.  Part  I  contains  a  description 
of  the  technical  analysis  leading  to  the  development  of  the  Maintainability 
Index  Model  (MIM),  Part  II  provides  the  instructions  for  the  application 
of  the  model  for  establishing  maintainability  reqjirements  and  evaluating 
maintainability  predictions.  Part  II  also  provides  maintainability  data  on 
various  aircraft  and  their  systems  which  will  aid  the  user  in  making 
procedure  adjustments  for  special  aircraft  applications.  Part  III  presents 
quantitative  and  qualitative  information  concerning  the  maintainability 
attributes  of  selected  maintenance  significant  component  installations. 

Those  installation  characteristics  that  have  proven  to  be  effective  in 
expediting  or  simplifying  maintenance  are  highlighted. 

The  procedures  are  presented  in  a  sequence  to  permit  analysis  for  the 
total  aircraft,  or  down  to  aircraft  system  or  component  level.  Design  and 
maintenance  engineers  can  use  this  information  for  analyzing  new  systems 
and  components  or  those  being  considered  for  change. 


IICUWITY  clarification  of  this  Omtm  Snlmr»<t) 


AIRCRAFT 

MAINTENANCE  EXPERIENCE 
DESIGN  HANDBOOK 


i 


I: 


i 


TABLE  OF  CONTENTS 


Page 

ABSTRACT  .  i 

PREFACE  .  iii 

TABLE  OF  CONTENTS  . . . . . . .  v 

ILLUSTRATIONS  AND  TABLES  .  xi 

1.0  INTRODUCTION  AND  SUMMARY  .  1-1 

1.1  DATA  DERIVATION  . . . . .  1-3 

PART  I  DEVELOPMENT  OF  THE  MAINTAINABILITY  INDEX  MODEL  -  A 

TECHNICAL  ANALYSIS  .  2-1 

2.0  CLASSIFICATION  OF  MAINTENANCE  DATA  .  2-1 

2.1  THE  3--M  MAINTENANCE  DATA  REPORTING  SYSTEM  .  2-1 

2.2  THREE  CUSSES  OF  MAINTENANCE  .  2-3 

2.2.1  Maintenance  Action.-?  .  2-5 

2.2.2  Maintenance  Time  .  2-7 

3-0  MAINTAINABILITY  INDEX  MODEL  (MIM)  .  3-1 

3.1  GENERAL  DESCRIPTION  . . .  3-1 

3.2  MODEL  DERIVATION  .  5-1 

3.2.1  Aircraft  Parameters  . . . .  3-1 

3.2.2  Two-Digit  Work  Unit  Code  (WUC)  Data  Base  .  3-3 

3.2.3  Standard  Work  Unit  Codes  .  3-5 

3.3  MAINTENANCE  INDEX  ESTIMATING  RELATIONSHIPS  .  3-7 

3.3.1  Statistical  Airfraxne/Fuselage  Maintenance 

Manhours  per  Flight  Hou"  (MMH/FH)  .  3-7 

3.4  FREQUENCY  INDEX  ESTIMATING  RELATIONSHIPS  .  3-8 

3.4.1  Stati.stical  Airframe/Fuselage  Maintenance 

Actions  per  Flight  Hour  (MA/FH)  .  3-9 


(  u 


TABLE  OF  CONTENTS  (Continued) 

Sag.fcj.2a.  Eaga 

3.5  MODEL  OPEHATION  . 3-11 

3.5.1  Aircraft  Design  and  Performance 

Parameters  .  3-11 

3.5.2  System  Constants  . . 3-12 

3.5.3  Technology  Improvement  Index  . . 3-16 

3.6  MODEL  VALIDATION  .  3-17 

PAriT  II  MAI.NTAINABILITY  INDEX  MODEL  APPLICATION  INSTRUCTIONS 

4.0  WEAPON  SYSTEM  ANALYSIS  . . . . .  4-1 

4.1  ANALYSIS  OF  WEAPON  SYSTEM  MAINTENANCE  .  4-2 

4.2  MAINTENANCE  MANHOURS  PER  FLIGHT  HOUR  CONVERSION 

CHARTS  . ; . .  4-3 

5.0  SYSTEM  ANALYSIS  . .  .  . .  5-1 

5.1  AIRFRAME/FUSEUGE  SYSTFJ^  -  WUC  Tl  ,  12  . . .  5-3 

5.1.1  Sample  Procedure  For  Evaluating  Airframe/ 

Fuselage  Maintenance  Index  .  .  5-8 

5.1.2  Sample  Procedure  For  Evaluating  Airframe/ 

Fuselage  Frequency  Index  .  5-9 

5.1.3  Sample  Procedure  For  Evaluating  System 

Maintenance  Requirements  . .  5-10 

5.2  LANDING  GEAR  SYSTEM  -  WUC  13  . . .  5-15 

5.3  FLIGHT  CONTROLS  SYSTEM  -  WUC  1 4  .  .  5-21 

5.4  ENGINE  SY.STEM  -  WUC  23  . . .  5-27 

5.5  AUXILIARY  POWER  PLANT  SYSTEM  -  WUC  24  . . .  5-33 

5.6  POWER  PLANT  INSTALLATION  SYSTEM  -  WUC  29  .  5-36 

5.7  AIR  CONDITIONING  SYSTEM  -  WUC  4l  .  5-42 

5.8  ELECTRICAL  SYSTEM  -  WUC  42  .  5-48 

5.9  LIGHTING  SYSTEM  -  WUC  44  .  5-54 

5.10  HYDRAULICS  SYSTEM  -  WUC  45  . .  5-60 

5.11  FUEL  SYSTEM  -  WUC  4/  . .  . .  5-66 

5.12  OXYGEN  SYSTEM  -  WU  4?  .  5-72 

5.13  MISCELLANEOUS  UTILx  ,'IES  SYSTEM  -  WUC  49  .  5-75 

5.14  INSTRUME.NTS  SYSTEM  -  WUC  5  1  . . .  5-6 1 

5.15  FLIGHT  REFERENCE  SYSTEM  -  WUC  56  .  5-87 

5.16  INTEGRATFJ)  GUIDANCE  AND  FLIGHT  CONTROLS 

SYSTEM  -  WUC  57  .  5-93 

5.17  COMMUNICATIONS  SYSTEM  -  WUC  60  . .  5-99 

5.18  NAVIGATION/WEAPON  CONTROL  SYSTEM  -  WUC  71,  72, 

73,  74  .  5-105 

5.19  WEAPON  DELIVERY  SYSTEM  -  WUC  75  .  5-111 

5.20  ELECTRONIC  COUNTERMEASURES  SYSTEM  -  WUC  76  .  5-’ 17 


TABLE  OF  CONTENTS  (Continued) 


PART  III 


REV  A 


£aii£ 


5.21  MISCELLANEOUS  EQUIPMENTS  -  WUG  90  .  5-123 

5.22  OPERATIONAL  SUPPORT  -  WUC  01  .  5-129 

5.22.1  Ser’/icing  -  WUC  012  . . . .  5-135 

5.22.2  Troubleshoot  Launch  Aircraft  -  WUC  016  ...  5-1^1 

5.23  CLEANING  -  WUC  02  . 5-14? 

5.24  INSPECTIONS  -  WUC  03  .... . 5-150 

5.24.1  Turnaround/Preflight  Inspection  -  WUC 

03C  .  5-150 

5.24.2  Daily/Special  Inspection  -  WUC  03D  .  5-156 

5.24.3  Phase  Inspection  -  WUC  03G  .  5-162 

5.24.4  Conditional  Inspection  -  WUC  C3S  . .  5-167 

5.24.5  Other  Inspections  -  WUC  03Z  .  5-173 

5.25  CORROSION  PREVENTION  -  WUC  04  .  5-179 

5.26  SHOP  SUPPORT  -  WUC  05  . 5-135 

EVALUATION  AND  ANALYSIS  OF  SELECTED  COMPONENT 

INSTALLATIONS  .  6-1 

6.0  FIVE  DIGIT  WORK  UNIT  CODE  (COMPONENT)  ANALYSIS  .  6-1 

6.1  INTRODUCTION  .  6-1 

6.2  BASIS  OF  QUALITATIVE  AND  QUANTITATIVE  DATA  USED  ..  6-2 

6.2.1  Qual.itative  Data  . . . .  6-2 

6.2.2  Quantitative  Data  . .  6-2 

6.3  PRESENTATION  . . .  6-3 

6-3.1  General  Organization  .  6-3 

6.3- 1.1  Tabular  3-M  Maintenance 

Data  . . . .  6-3 

6.3. 1.2  Graphical  3-M  Maintenance 

Data  .  6-4 

6.3. 1.3  Comparative  Discussions  .  6-4 

6.3.2  Detailed  Procedures  for  Using  the  Data 

Presented  . . .  6-^' 

6.4  ADDITIONAL  NOTES  AND  CONSTRAINTS  . . .  6-5 

0.5  AIHFRAMF/FUSEL.AGE  SYSTEM  .  5-9 

6.5.1  Cockpit  Canopy  .  6-9 

6.5.2  .Radcme  .  .  6~  12 


VII 

•4--  -v  . 


•W  ■*P 


aFV  A 


TABLE  OF  CONTENTS  (Continued) 


£a&£ 


6.5.3  Ejection  Seats/Pilota  -  Copilots  Seat  ,...  6-15 

6.5.4  Main  Entrance  Door  . 6-19 

6.5.5  Canopy  Actuator  . . 6-22 

6.5.6  Seat  Actuator  . . 6-25 

6.5.7  Bomb  Bay  Door  Actuator  . . 6-28 

6.6  LANDING  GEAR  SYSTEM  ..  ..  . 6-31 

6.6.1  Main  Landing  Gef  .*  Wheel  and  Tire  . .  6-31 

6.6.2  Nose  Landing  Gear  Wheel  and  Tire  .  6-35 

6.6.3  Main  Landing  Gear  Wheel  Brake  ............  6-33 

6.6.4  Main  Landing  Gear  Shock  Strut  .  6-41 

6.6.5  Nose  Landing  Gear  Shock  Strut  .  6-44 

6.6.6  Nose  Wheel  Steering  Unit  . 6-48 

6.6.7  Arresting  Hook  Assembly  .  6-51 

6.6.8  Brake  Control  Valve  . .  6-54 

6.6.9  Emergency  Air  Bottle/ Accumulator  .  6-57 

6.7  FLIGHT  CONTROL  SYSTEM  .  6-6O 

6.7.1  Elevator/UhT  Actuator  . .  6-60 

6.7.2  Aileron  Actuator  .  6-63 

6.7.3  Aileron  Trim  Actuator  .  6-66 

6.7- 4  Spoiler  Actuator  .  6-69 

0.7.5  Rudder  Actuator  .  6-72 

6.7- 6  Trailing  Edge  Flap  Actuatoi*  .  6-75 

6.7.7  Horizontal  StabJIizer/Elevator  .  6-78 

6.7.8  Inboard  Leading  Edge  Flaps  . . .  6-8I 

6.7.9  Outboard  Leading  Edge  Flaps  .  6-84 

6.7.10  Trailing-  Edge  Flaps  .  6-87 

6.7.11  Aileron  .  6-90 

6.7.12  Rudder  . . .  6-93 

6.7.13  Spoiler  Assembly  .  6-96 

6.7.14  Pilot's  Stick  Assembly  .  6-99 

6.8  POWER  PLANT  INSTALUTION  . . .  6-102 

6.8.1  Approach  Power  Computer  . .  6-102 

6.8.2  Throttle  Quadrant  . 6-105 

6.9  UTILITY  SYSTEM  .  6-1 09 

6-9.1  Cabin  Temperature  Control  . .  6- '09 

6.9.2  Generator  Coritrol/Superviaory  Panels  .  6-112 

6.9.3  Internal  Light  Control  .'^anel  .  6-115 

6.9.4  WlTvg  Tip/Formation  Lights  .  6-118 

6.9.5  Anti-Col]  ison  Lights  . .  6-121 


REV  A 


TABLE  OF  CONTENTS  (Continued) 


6.9.6  Tail  Position  Lights  . .  6-1 2'^ 

6.9‘7  Reservoir  (Power  Control  or  Flight 

Control)  . 6-127 

6.9.8  Liquid  Oxygen  Converter  . 6-130 

6.9.9  M6IAI  Gun  . 6-133 

6.9.10  Afflfflunitioii  Drum  .  6-136 

6.9.11  Auxiliary  Power  Plant  . 6-139 

6.10  INSTRUMENT  SYSTEMS  . 6-142 

6.10.1  Exhaust  Gas  Temperature  Indicators  .  6-142 

6.10.2  Fuel  Flow  Indicators  .  6-1 45 

6.10.3  Fuel  Quantity  Indicators  .  6-148 

6.10.4  Airspeed/Mach  Indicators  .  5-151 

6.10.5  Counter  Drum  Altimeters  . 6-154 

6.11  FLIGHT  REFERENCE/ AFCS  SYSTEMS  .  6-157 

6.11.1  Angle  of  Attack  Indicators  .  6-157 

6.11.2  Angle  of  Attacic  Transducer/Transmitter  ...  6-I6O 

6.11.3  Remote  Compass  Transmitters  . .  6-1 63 

6.11.4  Attitude  Direction  Indicator  .  6-1 G6 

6.11.5  Gyroscope  Assemblies  .  6-169 

6.11.6  Air  Data  Computers  .  6-173 

6.11.7  AFCS  Comnuters/Amplifiers  .  6-176 

6.12  COMMUNICATION/ IFF  SYSTEMS  .  6-179 

6.12.1  Receiver  Transmitters,  Communication  .  6-179 

6.12.2  Controls,  Communication  .  6-182 

6.12.3  IFF  Receiver  Trarsmltter  (R/T)  Units  .  6-185 

6.13  .NAVIGATION  SYSTEMS  .  6-188 

6.13- 1  Bearing,  Distance  and  Heading  Indicators  .  6-188 

6.13*2  Tacan  Receiver  Transmitter  (R/T)  Units  ...  6-191 

6.13- 3  Radar  Altimeter  Receiver  Transmitter  (R/T) 

Units  . 6-194 

6-13-4  Radar  Altimeter  Indicators  .  6-197 

6.13- 5  Doppler/Radar  Receiver  Transmitter  (R/T) 

Units  . 6-200 

6.13.6  Doppler/Radar  Antennas  .  6-203 

P.14  BOMB  .NAVIGATION  iND  WEAPO.NS  CONTROL  SY-STEMS  .  6-20b 

6. ’4.1  Rada."  Control  Bo-xes  .  6-20b 

d.14.2  Radar  Antennas  . P-209 


tm- 


(X 


iiEV  A 


TABLE  OF  CONTENTS  (Continued) 


Section  Page 

6.14.3  Power  Supplies  .  . . .  6-212 

6.14.4  Transmitters  .  6-215 

6.14.5  Indicators  .  6-213 

6.14.6  Controls,  Radar  Set  . . .  6-221 

6.14.7  Sweep  Generators/Processors/Data 

Converters  . . . . . .  6-224 

6.14.8  Tactical/Digital  Computers  .  6-227 

6.14.9  Tactical/Digital  Computer  Controls  .  6-230 

6.14.10  Head-Up  Pilot  Display  Units  . .  6-233 

6.14.11  Inertial  Measurement  Set  Power  Supplies  ..  6-236 

6.14.12  Inertial  Measurement  Set  Computers  .  6-239 

6.14.13  Ineruial  Measurement  Units  .  6-242 

6.14.14  Inertial  Measurement  Set  Control  Boxes  ...  6-245 

6.15  ELECTRONIC  COUNTERMEASURES  SYSTEM  .  6-248 

6.15.1  AuQ-XX  Components  . .  6-248 

6.15.2  ALQ-XX  RF  Converter  .  6-251 

6.15.3  ALQ-XX  Video  Local  Oscillator  .  6-254 

6.15.4  ALR-XX  Components  .  6-257 

6.16  PHOTOGRAPHIC  RECONNAISSANCE  .  6-260 

6.16.1  Infrared  (IR)  i^etecting  Systems,  IR 

Viewer . . .  6-260 

6.16.2  IR  Control  Converter  .  6-263 

6.16.3  IR  Power  Supply  .  6-266 

RE.^ERENCES  .  Ref  1  | 

BIBLIOGRAPHY  .  Biblio  1 

APPENDIX  A  STANDARD  WORK  UNIT  CODE  (3WUC)  SUMMARY  REPORT  .  A-1 

APPENDIX  a  STANDARD  WORK  UNIT  CODE  (SWUC)  MATRIX  .  B-1 

APPENDIX  C  A-7A/F-14A  MAINTAINABILITY  DEMONSTRATION  RESULTS  .  C-1 

APPENDIX  D  ADJUSTMENT  OF  SCHEDULED  MAINTENANCE  REQUIREMENTS 

THROUGH  ANALYSIS  (ASMRA)  .  D-1 

APPENDIX  E  FACTORS  THAT  EFFECT  MAINTENANCE  MANHOURS  PER  FLIGHT 

HOUR  (MMH/FH)  .  E-1 

LIST  OF  ABBREVIATIONS  AND  ACRONYMS  .  Acronyms  1 


REV  A 


ILLUSTRATIONS  AND  TABLES 


Separate  lietinga  of  the  Illustrations  and  Tables  contained  in  the  Handbook 
are  not  provided  due  to  the  repetitive  nature  of  the  titles  and  the  voluminous 
extent  of  the  individual  listings.  To  insure  completeness  of  the  text,  the 
inclusive  numbers  for  each  section  are  included.  With  one  exception,.  (Section 
5.0),  they  are  numbered  sequentially  within  each  section  and  all  numbers  au~e 
prefixed  with  the  section  cr  appendix  identifier  in  which  they  appear. 


Illustrations  (Figure)  ...  Section  2  . .  2.1  through  2.4 

Section  3  . .  3-1  through  3.6 

Section  4  .  4.1  through  4.6 

Section  5  .  5.1-1  through  5.5-1 


5.6-1  through  5.12-1 
5.13-1  through  5.23-1 
5.24.1-1  through  5.24.3- 
5.24.4-1  thi'ough  5.26-3 


Section  6  .  6.01  through  6.85 

Appendix  C  . . .  C-1  through  C-3 

Appendix  D  .  D-1  inclusive 

Appendix  E  .  .  E-1  through  E-? 


Tables 


Section  2 
Section  3 
Section  5 


Section  6  . 

Appendix  A  . 

Appendix  B  . 

Appendix  C  . 

Attachment  1 
Attachment  2 

Appendix  D  . 

Appendix  E  ..... 


2.1  through  2.2 

3.1  through  3-6 

5.1- 1  through  5.5-1 
5.6-1  through  5.12-1 
5.13-1  through  5.23-1 

5.24.1- 1  through  5.24.3- 
5.24.4-1  through  5.26-2 
6.01  through  6.85 

A-1  through  A-16 
B-1  through  B-6 
C~1  through  C-2 
1  tnrough  2 
1  inclu.^ive 
0-1  through  D-2 
E-1  inclusive 


REV  A 


3.0  ^‘AINTAINABILm  INDEX  MODEL  (MIM) 

The  prediction  tool  used  to  determine  two-digit  WUC  maintenance  valu''" 
involves  the  use  of  a  Maintainability  Index  Model  (MIM).  The  MIM  projects 
realistic  maintainability  estimates  for  Navy  Fighter,  Attack  and  ASW  aircraft 
for  use  during  oonoeptual  and  development  design.  The  model  is  based  on 
regression  analysis  techniques  which  relate  historical  maintenance  data  (MMH/FH 
and  MA/FH)  to  design  and  performance  parameters,  i,a.  weight,  thrust,  speed, 
etc.  This  technique  was  used  successfully  by  the  Northrop  Corporation  in  a 
report  on  maintenance  characteristics  of  United  States  Air  Force  tactical 
fighter  aircraft  (Reference  11).  Techniques  from  that  study  were  modified  and 
expanded  to  include  additional  maintenance  data.  The  result  is  that  the  MIM  and 
its  complete  set  of  index  equations  provides  the  Navy  with  a  unique  capability 
to  rapidly  evaluate  and  predict  new  aircraft  maintenance  requirements, 

3.1  GENERAL  DESCRIPTION 

This  section  discusses  che  procedure  used  to  predict  MMH/FH,  MA/FH,  MMH/MA, 
FMT/MA  ana  MEN  at  Organizational  ("0")  and  Litermediate  ("I")  levels  for  a  3-M 
(Class  1)  and  FSE  (Class  3)  environment,  A  logic  flow  diagram  depicting  the 
derivation  and  operation  of  the  MIM  is  presented  in  Figure  3.1.  Section  3-0 
also  contains  sample  calculations  and  model  validation. 

3.2  MODEL  DERIVATION 

The  maintainability  characteristics  of  tactical  fighter/attack  aircraft  are 
directly  related  to  design  and  performance  parameters  (Reference  10).  Selection 
of  these  parameters  along  with  a  valid  maintenance  data  base  was  the  first  step 
in  developing  the  MIM.  *■ 

3,2.1  Aircraft  Parameters 


It  is  recognize  1  that  increased  performance  of  modern  aircraft  results  in 
increased  maintenance  requirements.  Although  the  increase  in  maintenance  is 
probably  due  to  increasing  system  complexity,  accurate  measure  -of  complexity  is 
difficult  to  derive  and  to  apply  consistently.  Through  considerable  research 
and  trial  and  error,  a  viable  procedure  which  can  accurately  and  consistently 
measure  system  complexity  was  developed.  This  procedure,  which  is  used  in  this 
text,  involves  the  use  of  design  and  performance  parameters  to  establish  a 
r  I'lation.ship  between  increases  in  complexity  and  maintenance  requirements. 


The  Flgnter/Attack/ASW  aircraft  considered  in  the  correlation  analysis  were 
chosen  because  they  provided  a  broad  historical  data  base.  Availability  of  main¬ 
tenance  data  and  design  parameters  were  the  main  factors  in  the  selection  of 
these  late  model  aircraft.  Listed  below  are  the  aircraft  used  in  the  two-digit 
WUC  analysis  by  type  aircraft  and  year  of  first  Fleet  delivery: 


A-4M 

1971 

F-4J 

1966 

A-6E 

1971 

F-8J 

1968 

A-TE 

1969 

r-lJ^A 

1973 

AV-dA 

1Q71 

3~3A 

197U 

These  aircraft  possess  t.te  range  and  varlaticr; 
necessary  to  produce  valid  estimating  r'ela*  ionships . 


of  desigr.  charac-teri  sties 
The  empty  weight  of  the 
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Figure  3.1  Navy  Maintainibility  Index  Model  Logic  Flow  Oiagrain 
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aircraft  range  from  10,400  pounds  to  38(200  pounds;  the  maxiautn  speed  ranges 
from  400  to  1300  knots  and  thrust  ranges  from  11,200  pounds  to  41,800  pounds. 
Selected  aircraft  are  evenly  distrlhutf-d  with  respect  to  crew  size  (four 
single-seat,  three  two-scat  and  one  four-seat)  and  number  of  engines  (four 
single-engine  and  four  twin  engine). 

Table  3-  1  presents  a  list  of  those  parameters  that  were  found  to  be  most 
representative  of  an  aircraft's  design  chai-acteristics  and  were  proven  to  be 
stati.stically  valid.  Values  shown  were  extracted  from  the  following  documents: 

0  (1SN  Standard  Aircraft  Characteristics  Charts 
o  Weight  and  Balance  Reports  generated  by  each  contractor 

Other  aircraft  parameters  that  were  considered,  but  rejected  by  the  regression 
analysis  program  because  of  poor  correlation  Include; 

0  Weight,  Environment  Control  System  (ECS) 

0  Weight,  Engine 
0  Speed,  Minimum  Landing 
0  Thrust  per  Aircraft 
0  Number  of  Fuel  Tanks 
0  Fuselage  Volume 
o  Service  Ceiling 
0  Maximum  Payload 
0  tltllization  Rate 
0  Weight,  Useful  Load 

3.2.2  Two-Digit  Work  Unit  Code  (WUC)  Data  Base 

A  4  to  12  month  FMSO  data  base  was  selected  for  use  in  the  system  analysis. 
Raw  3“M  data  tapes  obtainea  from  FMSO  were  processed  by  computer  programs  into 
four  output  reports:  three  concerning  unscheduled  maintenance  and  one  concern¬ 
ing  scheduled  maintenance.  Each  of  the  three  unscheduled  r'eports  identified  one 
of  the  three  classes  of  malntena.nce  established  '.n  the  previous  section, 

paragraph  2.3.  The  scheduled  report  identified  .scheduled  maintenance  for  the 
three  classes  of  maintenance  in  one  report. 

0  fJLLliifcS — Repgrti  •  The  Fleet  Reported  Unscheduled  .Maintenance  Siimmary 

(FRUMS)  Report  depicted  Class  1  maintenance.  It  Identified  historical 
maintenance  data  as  reported  In  an  operational  environment. 

0  — &.gB.ar4  •  The  Contractor  Responsible  Unscheduled  Maintenance 

Summary  (CRUMS)  Report  was  derived  from  the  FRUMS  Report  with  Navy 

responsible  malfunctions  (Table  2.2)  deleted.  CRUMS  data  depicted  Class 
2  maintenance. 

o  — Pecort,  •  The  Contractor  Controllable  Unscheduled  Maintenance 

Summary  (CCUMS)  Report  was  derived  frcoi  the  CRUMS  Report  wiuh  Navy 

controllable  naintenance  time  (Figure  2.4)  deleted.  CCUMS  data  depicted 
Class  3  maintenance. 

o  Siiisp...  Peiiam-  The  Scheduled  Maintenance  Suramary  Report  was  derived  from 
the  raw  3“M  da ’.a  taces.  It  identified  scheduled  maintenance  and  support 
by  ail  three  classes  of  maintenance. 
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Data  froo:  these  reports  were  put  into  a  Standard  WUC  Matrix  (Appendix  B)  and 
programmed  into  a  Standard  WfJC  Summary  Report  (Appendix  A).  Identification  of 
the  time  frame  for  the  FMSO  data  base  by  type  aircrax’t  and  corresponding  flight 
hours  is  presented  in  Table  3.2. 

TABLE  3.2  MIIM  DATA  BASE 


AiRCRArr 

TIME  PERIOD 

MONTHS 

FIT  HRS 

A-4M 

OCC  75  -  !«R  76 

4 

7,160 

A-6£ 

DEC  75  -  MAR  76 

4 

19,802 

A-7E 

JAN  75  -  DEC  75 

12 

106,225 

AV-8A 

OCC  75  -  MAR  76 

4 

5.944 

F-4J 

OCC  75  -  MAR  76 

4 

26,238 

F-aj 

JAN  73  -  AUG  73 

8 

14,087 

F-14A 

06C  75  -  APR  76 

S 

12,133 

S-3A 

JAN  75  -  DEC  75 

12 

22,820 

Selection  of  the  two-digit  WUC  data  base  differed  from  the  five-digit  WUC 
data  base  because  of  data  availability.  The  4  to  12  month  data  base  was  readily 
available  at  the  start  of  this  Handbook  from  a  previous  Vought  Research  and 
Development  study.  Acquisition  of  a  more  current  and  larger  data  base  was 
originally  planned  but  had  to  be  rejected  in  order  to  insure  completion  of  this 
Handbook  in  a  timely  manner. 

To  verify  fhat  the  4  to  -12  month  data  base  was  representative  of  mature 
aircraft  in  an  operational  environment,  a  correlation  test  was  performed  which 
compared  sample  data  with  a  larger  six  year  data  base  (Table  E-1  of  Appendix  E). 
The  test  was  made  using  total  weapon  system  'onscheduied  MMH/FH  (WUC  11-97)  aim  a 
function  of  empty  weight,  one  of  the  primary  aircraft  parameters  that  effects 
maintenance.  Results  indicate  that  the  4  to  12  month  data  base  was  representa¬ 
tive  of  a  •  six  year  data  base  when  taken  collectively  over  the  eight  aircraft. 
Figure  3.2  shows  the  results  of  this  correlation. 

A  slightly  lower  degree  of  confidence  existed  at  the  system  level  where 
more  pronounced  variations  in  system  maintenance  occur  as  a  function  of  time. 
However,  the  HFP  requirements  are  made  at.  the  total  weapon  system  level  and  not 
at  each  two-digit  WUC.  Accuracy  of  system  level  predictions  need  not  be  exact 
as  long  as  the  predictions  are  in  the  "ballpark"  and  their  summation  resulr.s  in 
realistic  weapon  system  estimates.  The  4  to  12  month  FMSO  data  base  used 
provided  this  required  accuracy. 

3.2,3  Standard  Work  Unit  Codes 

Individual  aircraft  WUC '3  were  converted  to  a  Standard  WUC  format  based  on 
guidelines  presented  in  MIL-3TD-780  (Reference  I4)  and  NAILSC  Fquipm-jnt  Cross- 
Index  Program  (ECIP),  (Reference  12).  This  was  necessary  to  insure  an  adequate 
two-digit  system  level  comparison  among  the  different  aircraft.  An  example  of 
the  variation  in  aircraft  WUC  systems  is  the  Fuel  Quantity  Indicating  Subsystem. 
The  A-4M,  A-7E,  and  F-4J  list  the  Fuel  Quantity  Indlcatirig  Subsystem  in  the  Fuel 
System  (WUC  46),  while  the  A-6E,  AV-3A,  F-14A  and  3-3A  list  it  under  Instruments 
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(WLiC  51).  Furthermore,  MIL-STD-780  lists  fuel  quantity  under  WUC  51  while  ECIP 
lists  it  under  WUC  46-  Differences  such  as  these  are  resolved  by  using 

MIL-STD-780  as  preferred.  Appendix  B  presents  a  Standard  WUC  Matrix  developed 
specifically  for  this  Handbook-  Standard  WUC '3  are  presented  to  the  third  digit 
for  the  eight  Navy  aircraft  discussed  in  the  system  analysis. 

The  establishment  of  standard  codes  for  support  actions  was  based  on 

Support  Action  Codes  defined  in  Reference  18.  A  further  breakdown  of  these  basic 

codes  to  the  third  digit  was  made  using  a  local  command  bulletin  (Reference  31)- 
A  review  of  the  3-M  data  indicates  most  commands  are  using  this  bulletin  to 

identify  manhours  expended  in  these  specific  categories  of  support  tj'pe  work. 
All  total,  forty-five  work  unit  and  support  action  codes ^  were  condensed  into 
thirty-two  standard  codes^.  Condensed  groupings  were  necessary  to  permit  a  valid 
statistical  analysis  of  the  data. 

3.3  MAINTENANCE  INDEX  ESTIMATING  RELATIONSHIPS 

The  MIM  uses  a  set  of  estimating  relationships  called  Maintenance  Index 
(MI)  equations  developed  through  regression  analysis  techniques.  These  equa¬ 
tions  are  used  to  determine  sy-stem  Class  i  Organizational  level  MMH/FH  as  a 
function,  of  applicable  aircraft  design  and  performance  parameters. 

A  statistical  ranking  order  was  used  to  identify  those  aircraft  parameters 
that  reflect  the  highest  coefficient  of  correlation  and  the  lowest  Standard 
Error  of  E3timate(S)  (References  5,  10).  Parameters  were  selected  based  on 

several  factors:  (1)  the  most  statistically  valid  parameter.  (2)  t.ie  most  valid 
aircraft  parameter  and  (3)  the  selection  of  two  parameters  for  multiple 
regression.  This  approach  resulted  in  a  set  of  equations  which  provided  good 
correlation  with  actual  data.  An  example  of  the  statistical  approach  for 
determining  MI  equations  is  presented  in  the  following  paragraph. 

3.3.1  Statistical  Airframe/Fuselage  Maintenance  Manhours  per  Flight  Hour 
(t^/FH) 

Statistical  Airframe/Fuselage  (WUC  11,  12)  MMH/FH  at  the  Organizational 

level  is  estimated  by  Equation  (Eq.)  3-1-  Data  used  in  its  derivation  and 
equation  results  are  shown  in  Table  3-3* 

MI  =  -0.2180  +  0.5692  In  (WTPrr)  -  0.8394  In  (VMAX)  Sq.  3-1 

r  =  0.97 
3  =  0.17 

2S  =  ±0.3^1 


1 . 

11, 

12, 

13, 

1^, 

23, 

24, 

27, 

29 

,  41,  42,  44,  45, 

46, 

47,  49, 

,  51 

,  56, 

57, 

62, 

63, 

64, 

65, 

66, 

67, 

69. 

71, 

72, 

73,  74,  75,  76, 

77, 

91,  93, 

96, 

.  97, 

01, 

02, 

03, 

04, 

05, 

06, 

07, 

08, 

09. 

2. 

11/1 

2, 

13, 

14, 

23, 

24, 

29, 

4  1 

42,  44,  45,  46,  47,  49, 

51, 

56 , 

57. 

60 , 

71/72/73/74, 

75, 

76, 

0. 

01, 

01 

016,  02,  03c, 

03D, 

03G,  O': 

03Z, 

04, 

05. 

TABLE  3.3  AIRFRAME/FUSELAGE  ACTUAL  AND  EQUATION  MMH/FH 


REV  A 


ACFT 

WTMT 

VMAX 

MMH/FH 

ACTUAL 

IQUATION 

A-4M 

ta4 

ass7 

0.400 

0.593 

:8.a 

a4so 

1.011 

1.037 

A.71 

18.9 

0.508 

1.071 

0.383 

AV.«A 

1X0 

asds 

0741 

QJSSS 

F.4J 

sas 

1.230 

3.07S 

1.907 

F-aj 

i9.a 

0989 

1.499 

1,472 

F.t4A 

njz 

1.314 

1.902 

Z034 

SCA 

384 

0410 

0334 

0401 

The  following  definitions  are  presented  to  provide  additional  insight  into  the 
nomenclature  used; 

o  Maintenance  Index  (MI)  is  defined  as  the  amount  of  MMH/FH  for  the  given 
system  as  measured  at  the  Organizational  level. 

o  Weight  Empty  (WTMT)  is  one  of  the  applicable  aircraft  parameters  for 
this  system  as  measured  in  thousands  of  pounds.  Care  should  be  taken 

when  solving  the  MI  equation  insuring  that  the  proper  decimal  point 
location  is  observed. 

o  Maximum  Sneed  (VMAX)  is  the  second  applicable  pai'ameter  for  this  system 
as  measured  in  thousands  of  knots.  Correct  decimal  point  location  oust 
be  observed  when  solving  the  MI  equation. 

0  Correlation  Coefficient  (r)  is  defined  as  the  relative  measure  of 
sensitivity  between  the  dependent  variable  and  the  independent  variable 
as  measured  from  0  to  1 .  The  higher  the  coefficient,  the  closer  "r" 
approaches  1,  the  better  the  data  fit.  Some  systems  required  numerous 
regression  programs  to  be  run  in  order  to  achieve  the  highest  "r”  va."  le 
possible.  Values  between  0.95  and  0.99  Indicate  a  very  high  degree  of 
correlation . 

o  Standard  .Error  of  Estimate  (S)  measures  the  average  amount  of 

"...dispersion  of  the  Y...[ values]  away  from  the  line  of  relationship 
between  the  X  and  Y ... [variables] ... 3" .  The  standard  error  also  serves 
to  measure  the  amount  of  error  in  an  individual  estimate.  Assuming  that 
errors  conform  to  a  normal  distribution,  95^  of  the  errors  would  fall 
within  standard  errors  of  the  predicted  value.  Thus  a  95X  confidence 
level  can  be  found  by  using  ±ZS  which  for  this  example  is  ±0.34  MMH/FH. 

Figure  3-3  presents  a  complete  list  of  the  system  Maintenance  Index 
equations  developed  for  this  Handbook.  Aircraft  parameter  symbols  listed  are 
defined  in  Table  3-5.  A  graphical  presentation  of  each  MI  equation  is  presented 
in  Section  5.0. 

The  predicted  value  calculated  by  each  MI  equation  is  a  "baseline"  estimate 
based  on  the  maintainability  chararteristics  of  existing  inventory  aircraft.  For 
a  new  weapon  system,  a  "predicte-  '  estimate  made  by  the  contractor  should  be 
less  than  the  "baseline"  estimate  depending  on  the  additional  maintainability 
featiu'es  Implemented  in  the  design.  The  measurement  of  the  delta  improvement  is 
discussed  in  paragraph  3-5.3- 


3.  H.  L.  Balsley,  Statistical  Method.  Littlefield,  Adams  and  Co.,  p.  179- 
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wuc 

SYSTEM 

MAINTENANCE  INDEX  EQUATIONS 

11.12 

Amf=f1AM6;TUSELAG6 

Ml  >  -0.2180  *  0.5692  .n  lY^TM'D  <■  0.8394  !n  (ViVIAXI 

13 

LANDING  GEAR 

Ml  -  0.1738  *■  0.0241  IWTLAND) 

14 

SLIGHT  CONTROLS 

Ml  >  -0.3963  0.02'*4  (WTMT)  ^  0,8036  IVMaX)  *  0.569  IKWING) 

23 

ENGINE 

Ml  ”  -0.3960  I-  0.0467  (THRUST)  +  0.34)4  (ENGGTY) 

24 

AUXILIARY  POWER  PLANT 

Ml-  0.192  IKAPUl 

29 

POWER  PLANT INSTL 

Ml  -  -0.0943  *■  0.0059  ITHRUSTI  -  0.1174  (ENGQTVl 

41 

AIRCONOITIONING 

Ml  •  -0.0717  <•  0.0103  (WTMTI  +  00364  (WTAVIN)  +  0.166  (KBLC.l 

42 

electrical 

Ml  -  -0.1419  +  0.0259  IWTMTI  -0.0485  IGENKVA) 

44 

lighting 

Ml  =  -0,2305  0.1652  (WAREAI  +0,6472  (FUSLEN) 

45 

hydraulics 

Ml  -  -0.1260  *  0.0066  IWTMT)  ♦  0.3671  (VMAXI 

46 

FUEL 

Ml  -  -0.2947  +  0.1 14S  (FUEL)  +  0.6060  iVMAX) 

47 

OXYGEN 

Ml  •  0.034 

49 

Misc  utilities 

Ml  -  -0.0275  +  0.0028  IWTMT) 

51 

instruments 

Ml  •  0.0465  +  0.2906  (WTAVUN) 

56 

flight  reference 

Ml  -  -0.0890  +  0  2182  (WTAVIN) 

57 

integ  guio/flt  control 

Ml  •  -0.3225  +  0.1  783  .n  (WTMT! 

60 

communications 

Ml  -  0.0428  +  0.0104  (WTMT)  +  0,0460  (WTAVINI 

71,  72 

NAV/WEAPON  CONTROL 

Ml-  1.3541  +  0.8715  In  (WTAVUNI 

73,  74 

75 

WEAPON  DELIVERY 

Ml  -  -0.1563  +  0.0040  ('WTMTI  +  0.0367  (PYl.QTVl  +0  082  (KGUNI 

76 

SCM 

Ml  -  -0.0645  +  0.0104  HVTMT) 

90 

MISC  EQUIPMENTS 

Ml  -  0.0272  -0.0012  rWTMXTO)  ♦  0.0491  (CREW)  +  0.014  (KCH(jTEi 

01 

operational  support 

.Ml  "  -7.9012  +  5,3533  In  (WTMT)  -  1.9394  in  (SL) 

012 

SERVICING 

Ml  »  1.3441  +  0.0046  (WTMT)  -  0.2573  (SD 

015 

TROUBLESHOOT  LAUNCH 

AIRCRAFT 

Ml  -  -3.3681  +  1  3259  In  IWTCOMI 

02 

CLEANING 

Ml  -  0.188 

03C 

TURN  AROUNO/PREF  LIGHT 

Ml  .  -0,C282  +  0.0346  (WTCOM) 

030 

OAILY/SPECIAL 

Ml  "  2.3571  ♦  0.0948  IWTMT)  -  1,1568  (3L) 

03G 

PHASE 

Ml  -  0.1455  *  0.0186  IWTMT)  +  0,2962  IT/W) 

03S 

CONOl  TIONAL 

Ml  =■  -0.4956  +  0.0229  (WTMT)  +  0.0224  (DEN) 

03Z 

OTHER 

Ml  •  -0.4068  ♦  0,3538  (FUSWET)  +  0.5392  (T/W) 

04 

CORROSION  PREVENTION 

Ml  >  -2.6456  +  2.6493  (FUSWET)  +  1.5454  (T/W) 

05 

SHOP  SUPPORT 

Ml  •  -0.3S10  +•  0.3613  In  IWTMT)  +  0,4916  ir.  (T/W) 

Fiyure  3.3  Basaiinn  0  Lavei  MMK/FH  Estimating  Relationsiiips 
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3.4  pREQUENCX  INDEX  ESTIMATING  RELATIONSHIPS 

In  addition  to  the  Ml  equations  previously  discussed,  the  MIM  uses  a  second 
•  set  of  esti:natirg  relationships  called  Frequency  Index  (FI)  equations.  These 
:  equations  are  used  to  dete.-mine  system  Class  1  MA/FH  at  the  Organisational  level 

■|  as  a  function  of  applicabie  aircraft  design  and  performance  parameters.  The  same 

regression  techniques  used  to  develop  MI  eoaations  were  used  to  develop  FI 
,  equations.  An  example  of  the  statistical  approach  for  determining  a  system 

'I  Frequency  Index  follows. 

I 

3-4,1  Stati 'tical  Airfrar.ie/Fuselao'e  Maintenance  Actions  per  F].it?ht  Hour  (MA/FI-i) 

Statistical  Airframe/Fuselage  MA/Fh  at  the  Grvan izational  level  is  esti- 
)  mated  by  Equation  3-2.  Data  used  in  its  derivation  and  ecuaticn  results  are 

'  s.hown  in  Taole  3.4. 


=  -0.2931 
0.971 
:  0 . 02o 
-  +0  .  LOO 


0.1  Goo  In  (VvT.MT)  +0.0525  l.n  (V.MA.X) 
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TAai.g  3.4  Am  FRAME/ FUSS  LAG  2  ACTUAL  AND  EQUATION  MA/FH 


WTMT 

VVAX 

MA/RH 

ACFT 

ACTUAL 

SOUAriQN 

AUUt 

ta4 

a337 

0.081 

0095 

A4E 

20.0 

0.400 

0.333 

0300 
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Figur«  3-^  pre5ent3  a  complete  ll.et  of  the  system  Frequency  Index 
equations.  A  graphical  presentation  of  each  FI  equation  is  presented  in  Section 
5.0.  As  vith  the  Maintenance  Index,  the  predicted  value  calculated  by  each  FI 
equation  is  a  "baseline"  estimate. 
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Figure  3.4  Saselinii  0  Level  MA/FH  Estimating  Relationships 
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3.5  MODEL  OPERATION 

The  Maintainability  Index  Model  (MIM)  is  a  mathematical  tool  for  estimating 
maintenance  requirements  for  a  new  weapon  system.  Execution  of  the  MIM  is 
accomplished  by  solving  a  set  of  index  aquations  and  general  mathematical  rela¬ 
tionships.  Inputs  include  applicable  aircraft  design  characteristics,  system 
constants  and  contractor  predictions.  Outputs  include  MA/FH,  MMi/MA, 

EMT/MA  at  0  and  I  levels  for  a  '3-M  (Class  1)  and  FSE  (Class  3)  environment,  A 
logic  flow  diagram  depicting  the  operation  of  the  MIM  j.s  shown  in  Figure  3.1.  A 
diacussion  on  model  operation  follows. 

3.5.1  Aircraft  Design  and  Performance  Parameters 

As  the  physical  size,  performance  and  capability  of  a  weapon  system  varies, 
so  does  its  maintenance  requirements.  The  MIM  is  built  around  a  set  of  27  air¬ 
craft  parameters  that  were  determined  to  he  the  primary  design  characteristics 
that  effect  aircraft  maintenance'.  In  addition,  values  for  these  paramelsrs  are 
readily  available  during  conceptual  and  development  design  pha.ses.  Table  3-5 
presents  a  list  of  those  parameters  along  v/ith  F-18A  predicted  values  used  as  an 
example. 


Tahia  3.5  Aircraft  Parameters 
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The  first  step  in  analyzing  the  maintenance  re^iuirements  of  a  weapon  system 
is  to  ccoipleta  a  worksheet  for  the  weapon  system  under  consideration,  similar  to 
Table  3-5,  using  the  aircraft  parameters  cited  therein.  After  that,  maintenance 
estimates  (baseline  and  predicted)  for  each  system  can  be  determined  using 
techniques  presented  in  Section  5.0. 

3.5.2  System  Constants 

Class  1  O-level  MMH/FH  and  MA/FH  are  the  two  maintainability  parameters 
determined  through  regression  analysis  techniques.  The  remaining  parameters  are 
calculated  using  general  mathematical  relationships  and  system  constants  where 
regression  analysis  techniques  were  considered  but  rejected  because  of  invalid 
correlation  results  and  to  minimize  handbook  complexity. 


System  constants  are  averages  based  on  historical  maintenance  data  concern¬ 
ing  past  performance.  "...The  assumption  is  made  that  the  elemental  activities 
for  a  new  system  will  closely  resemble  the  systems  for  which  data  was 
collected"^.  That  is,  if  a  given  system  averages  1.5  Men  per  Maintenance 
Action,  then  the  same  number  of  men  will  be  required  for  the  new  system. 
Exceptions  require  maintainability  documentation.  Definitions  of  system 

constants  plus  sample  calculations  follow. 


is  defined  as  the  average  number  of  men 
unscheduled  maintenance  action.  For  each  system,  a  Class  1  MR  is 
averaging  individual  aircraft  Class  1  MEN  per  Equation  3-3. 


MR 


MENi 


required  per 
determined  by 

Eq.  3.3 


n 


where , 

MR  3  Average  number  of  men  per  maintenance  action  per  given  system 
MEN  3  Average  number  of  men  per  maintenance  action  per  aircraft 
n  3  Number  of  aircraft  used  in  the  regression  analysis 

i  =  1,  2,  3 . n 


Class  1  M.R  is  used  in  the  MIM  to  detenmlne  EMT/MA  for  a  nevf  aircraft  as 
shown  by  Equation  3-^ 


EMT/MA  3  MMH/MA  3  MR 


Eq.  3.4 


I-Uevel  Ratio  (MIIR)  is 
to  0-ievel  MMH/FH.  Individual  aircraft 
in  Equation  3-5- 


defined  as  the  ratio  of  I-level  MMH/FH 
MIIR ’3  are  summed  aind  averaged  as  shown 


MMH/FHt 

y _ _ 

MMH/FHq  i 

MIIR  3 - -  Eq.  3.5 


u.  D.  D.  Gregor,  Donna  F.  Harmon,  Patricia  A.  Pate,  ’'Maintainability  Estimating 
.Relatlcn'ihlps"  ,  p.EO. 
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where , 


MMH/FHq  =  MMH/FH  at  0  level 
MMK/FHj;  =  MMH/FH  at  I  level 


Using  the  Airframe/Fuselage 
calculated  as  follows: 

System 

(Table  3-6)  as  aui  exaimple, 

Class 

1  MUR 

MMH/FH- 

i  + 

MMH/FHj 

e  MMH/FH,  ^ 

MMH/FH j 

MMH/FHq 

MMH/FHq 

MMH/FHq 

.MMH/FHq 

Mim  -  .. 

a-6e  A-TE 

S-3A 

a 

0.022  +  0.013  +  0.151  _  +  0.05C 

O.UOO  1.011  l.OTl 

- 


0.055  +  C.0U2  +  O.lUl  +  _  +  0.060 

a 


«  o.ou 


Class  1  MIIH  is  used  in  the  MIM  to  determine  I-level  MMH/FH  for  a  new 
system  design  as  shown  by  Equation  3-6. 

MMH/FHj  =  MMH/FHq  X  MIIB  Eq ..  3-6 

FreauetiCY  Index  I  Level  Ratio  (FUR)  is  defined  as  the  ratio  of  I-level  MA/FH  to 
0-level  MA/FH.  Individual  Fllft's  for  each  aircraft  are  summed  and  averaged  per 
Equation  3-7. 

^  MA/FH 

MA/FIq  i 

FUR  =  - — — -  Eq.  3.7 

n 

Using  the  Airframe/Fuselage  System  as  an  example,  Class  1  FIIR  was  calculated  to 
be  0.C7. 

Class  1  FIIR  is  used  in  the  MiM  to  determine  I-level  MA/FH  for  a  new  system 
usi.ng  Equation  R-C- 

MA/FH j  -  MA/FHq  X  FIIR  Eq .  3.3 
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TABLE  3.6  TWO-DIGIT  WUC  MAINTENANCE  DATA  SUMMARY 
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Maintenance  Index  Defer't  Ratio  (MIDR)  is  defined  aa  the  ratio  of  Class  3  0-level 
MMH/FIi  to  Glass  1  0“lavsl  MMH/FH.  Tt  identifies  that  portion  of  Class  1  malnts- 
ria',:Ce  considered  contractor  controi.lable  through  design.  A  MIDR  1  .e  determined 
for  each  system  by  summing  and  averagi^ig  the  Individual  aircraft  MIDR's  per 
Equation  3-9- 


MIDR  = 


^  Class  3  0  Level  MMH/FH 

Class  1  0-Level  MMH/FH  . 
■1  .  i 


Eq.  3.9 


Using  the  Airframe/Fuselage  System  (Table  3.6)  as  an  example,  MIDR  was 
calculated  as  follows: 


1x0 


MMH/FH. 


1,0 


MMH/FH, 


1x0 


NCDH 


A-lM 


;-IMH/FH^  ^ 


MN'.rt/FH 


1,0 


A-6E 


S-3A 


U,12 


0.200  +  Q.'i2t  +  _  +  0 . 3Tl 

0.1*00  1.011  o.ls'IT 


8 


^  0.50  I-  0.52  +  ...  +  0.U5 

8 


'»  0.54 


The  IMIDR  is  usee  to  determine  the  Design  Maintenance  Index  .scale  for  the  lil 
graphs  of  Section  5.0. 

Frequency  Index  Defect  Ratio  (FIDR)  is  defined  as  the  .’’atio  of  Class  3  0-level 
MA/FH  to  Class  1  0-level  MA/FH.  It  identifies  that  portion  of  Class  1  mainte¬ 
nance  actions  classified  as  Design  Induced  Malfunctions.  A  FIDR  is  determined 
for  each  system  by  summing  and  averaging  individual  aircraft  FIDR's  per  Equation 
3.  10. 


t 


Class  3  0-Level  MA/FH 
Class  I  0-Level  MA/FK 


1 


FIDR 


n 


Eq .  3.10 
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Using  the  Airframe /Fuselage  System  as  an  example,  FIDR  was  calculated  to  be 
0.79.  This  means  that  13%  of  the  reported  3“M  data  is  considered  contractor 
controllable  through  design.  The  remaining  21J  is  primarily  attributed  to  no 
defeat,  cannibalization  and  missing  fastener  maintenance  actions  and  is 
considered  Navy  controllable.  The  FIDR  is  used  to  determine  the  design 
Frequency  Index  scale  for  the  FI  graphs  of  Section  5.0. 

3.5.3  Technology  Improvement  Index 

"Maintainability  estimating  techniques  must  be  responsive  to  design 
technology  advancements  as  well  as  design  parameters  and  historical  maintenance 
data"5.  Tlie  MIM  calculates  baseline  maintenance  requirements  reflecting  | 

state-of-the-art  technology  and  its  corresponding  R4M  effort.  The  model  is  also 
receptive  to  advances  in  design  technology.  Inherently,  an  increase  in  aircraft 
performance  results  in  an  increase  in  maintenance  requirements.  To  minimis®  or 
reverse  this  trend,  greater  emphasis  must  be  placed  on  R&M  through  technology 
improvements.  This  relationship  is  shown  in  Figure  3.5. 


Figur*  3.5  Maintinanci  Raquirinimt)  (Raf.  19 


Engineering  improvements  wnich  reduce  maintenance  resources  and  frequency 
of  inaintenance  in  a  new  design  are  measured  by  tha  Technology  Index  (TI).  Using 
data  from  the  MIM  and  predictions  made  by  the  contractor,  a  Technology  Index  can 
be  calculated  for  each  system  per  Equation  3.11. 


TI 


BMMH/FH  -  PMMH/FH 
BMMH/FH 


X  100* 


E’q .  3.11 


where , 

TI  =  '’’“Chr’ology  Improveme  it  Index 
PHMH/FH  =  Predicted  MMH/FH 
P.MJ'iH/FK  =  Easeli.ne  MI'IK/FH 

5 .  Liam ■ ,  P ■ 2  3 . 
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Using  the  Airframe /Fuselage  System  as  an  example,  Class 
Technology  Index  for  the  F-18A  was  found  to  be  53%- 


TI 


1.572 


X 


100$  =  53$ 


O-level  MMH/FH 


where  0.746  is  the  3-M  equivalent  MMH/FH  of  the  contractor's  predicted  0.403 
value.  (Refer  to  Section  5.0,  paragraph  5.1-3  for  additional  information.) 
This  indicates  that  the  contractor  predicts  the  F-18A  Airframe/Fuselage  System 
to  be  53$  better  than  a  comparable  state-of-the-art  design.  Substantiating 
documentation  for  achieving  this  prediction  should  be  presented  through 
qualitative  maintainability  features  in  the  contractor's  proposal. 


Technology  Indexes  for  MA/FH,  SMT/MA  and  MMH/MA  art  determined  in  similar 
fashion  and  are  discussed  in  Section  5.0,  paragraph  5.1.3. 


3.6  MODEL  VALIDATION 

The  purpose  of  the  MIM  is  to  determine  the  maintenance  requirements  for  a 
given  sized  aircraft  .as  a  function  of  design.  The  model  was  designed  to  be 
independent  of  system  maintenance  oeculiarities  unique  to  a  given  aircraft. 
Ground  rules  for  a  system  regression  analysis  permitted  excluding  those  aircraft 
which  exhibited  abnormal  maintenance.  If  a  satisfactory  regression  analysis 
could  not  be  obtained  using  all  eight  aircraft,  those  aircraft  in  the  minority 
were  deleted  from  the  system  analysis.  To  include  them  would  have  distorted  the 
trend  for  a  majority  of  the  aircraft,  lowered  system  regression  correlation  a.na 
decreased  the  effectiveness  of  the  model.  The  relationship  between  design  and 
maintenance  would  be  degraded. 

An  effort  was  made  to  dstermiine  why  certain  aircraft  exhibited  Ifigher  or 
lower  reported  maintenance  than  the  resultant  calculated  value.  These  findings 
are  noted  in  Section  5.0  wlian  available.  Unfortunately,  not  all  cases  could  be 
resolved  because  of  insufficient  data. 

Validation  of  the  MIM  was  made  at  both  the  system  and  woapon  system  level 
using  the  parameters  .^'MH/FH,  MA/FH  and  EMT/MA.  Individual  system  validation  is 
presenced  in  Section  5.0  by  two-digit  WUC.  Most  all  rjyste.is  exhibited  '..orrela- 
tion  coefficients  in  the  high  90'3  indicating  excellent  data  correlat i Mr: .  Total 
weapon  system  validation  is  shown  in  Table  3-7  and  Figure  3*  <5.  Results  show  good 
correlation  between  actual  and  calculated  data  with  the  model  slightly  under 
predicting  baseline  aircraft  maintenance. 
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5.0  SYSTEM  ANALYSIS 

This  section  of  the  Handbook  presents  the  methodolor-y  and  techniques  used 
to  evaluate  a  contractor’s  quantitative  icaintainability  predictions  at  the 
two-digit  WUC  level.  In  addition,  the  user  can  apply  these  techniques  to 
establish  sy.stem  goals  and  total  weapon  system  requirements  by  .specifying 
desired  design  technology  improvements. 

The  Handbook  is  arranged  numerically  with  Standard  Work  Unit  Codes  1’-90 
identifying  aircraft  ' systems  and  Standard  Support  Action  Codes  01-05  identi¬ 
fying  support  action  tasks.  For  the  sake  of  continuity,  the  term  system  is 
defined  to  include  support  action  tasks  and  the  term  WUC  is  defined  to  include 
Support  Action  Codes. 

The  methodology  used  to  evaluate  the  maintenance  requirements  of  a  new 
weapon  system  encompasses  using  historical  data,  regression  analysis  tech¬ 
niques,  graphical  techniques,  contractor  predictions  and  an  evaluation 
worksheet.  For  each  .system,  a  series  of  tables  and  figures  consistent  in  title 
and  numbering  are  presented.  To  aid  in  understanding  the  methodology 
prasented,  the  F-18A  contractor  predictions  (Reference  8)  are  included  as  an 
example.  Where  F-lSA  predictions  are  not  available  (i.e.  support  actions), 
baseline  values  are  shown.  A  brief  discussion  on  the  content  of  the  tables, 
graphs  and  worksheet  follows.  Refer  to  the  Airframe/Fuselage  System,  paragraph 
5.1,  for  sample  fo,"raat3  and  a  more  detailed  explanation. 

0  TWO-DIGIT  WUC  MAINTENANCE  DATA  SUMMARY  (TABLE  5.1-1) 

This  table  contains  historical  maintenance  data  extracted  from  Appendix  A 
and  used  in  the  system  analysis.  Data  is  broken  down  into  two  classes  of  main¬ 
tenance  and  two  levels  of  maintenance  for  five  parameters.  All  total,  22  quan¬ 
titative  values  are  shown  'vhich  describe  the  Dasic  maintenance  requirements  of 
these  aircraft.  When  the  two-digit  evaluation  for  a  new  system  is  completed, 
the  information  provided  in  this  section  will  enable  its  user  to  generate  a 
similar  set  of  ’.'alues. 

o  HEGRESSIOf,  ..NALYSIS  SUMMARY  (TABLE  5.1-2) 

This  table  summar  izas  the  results  of  a  regression  analysis  program  used  to 
correlate  aircraft  design  and  performance  characteristics  with  historical  main¬ 
tenance  data.  For  each  system,  or  group  of  systems,  one  or  two  applicable 
design/perforaance  parameter.s  were  correlated  with  Class  1  O-level  MMH/FH 
(Maintenance  Index).  A  similsir  treatment  was  performed  for  Class  1  0-level 
MA/FH  (Frequency  Index).  Statistical  parameter  results  are  included  for  each 
index  equation. 
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0  SYSTEM  MAINTENANCE  INDEX  GRAPH  (FIGURE  5.1-1) 

Th«  Maintenanse  Index  (MI)  graph  shows  the  relationship  between  baseline 
and  predicted  0~].evel  MMH/FH  requirements  for  a  given  design.  The  baseline 
curve  was  developed  from  the  regression  equation  presented  in  Table  5.1-2  using 
graphical  ■  techniques.  The  advantage  of  the  graph  is  that  it  converts  an 
abstract  equation  Into  an  easy  to  understand  visual  picture.  The  sensitivity 
of  system  maintenance  j.s  shown  as  a  function  of  aircraft  speed,  weight,  thrust, 
etc.  Each  graph  has  two  MMH/FH  scales.  The  upper  scale  called  Design  MI 
Identifies  Class  3  maintenance.  The  lower  scale  called  3-M  MI  identifies  Class 
1  maintenance.  Conversion  between  the  two  scales  is  determined  through  the 
Maintenance  Index  Defect  Ratio  which  is  unique  for  each  system.  Solution  of 
the  graph  enables  the  user  to  (1)  identify  the  minimum  acceptable  maintenance 
expenditure  for  the  given  design  as  measured  in  an  operational  environment,  (2) 
convert  contractor  predicted  MMH/FH  to  a  3-M  equivalent  and  (3)  identify  the 
predicted  improvement  or  degradation  over  a  baseline  design.  See  paragraph 
5.1.1  for  a  more  detailed  explanation  on  the  procedure  for  evaluating  a  system 
Maintenance  Index. 

0  SYSTEM  FREQUENCY  INDEX  GRAPH  (FIGURE  5.1-2) 

This  Illustration  is  similar  to  the  Maintenance  Index  graph  except  MA/FH 
is  plotted  instead  of  NWH/FH.  See  paragraph  5.1.2  for  details. 

0  WORKSHEET  FOR  EVALUATING  SYSTEM  MAINTENANCE  REQUIRE.MENTS  (FIGURE  5.1-3) 

This  worksheet  is  used  in  evaluating  system  quantitative  ma  .itenance 
estimates  for  a  new  design.  To  simplify  use  of  the  worksheet,  it  is  divided 
into  three  parLS.  Part  I  calls  for  RFP  response  data.  From  the  contractor's 
maintainability  proposal,  the  user  must  extract  predicted  MMH/FH,  MA/FH  (or 
MFHBMA)  and  EMT/MA  estimates  by  two-digit  WUC  at  0  and  I  levels.  In  addition, 
desli^n/psrformance  parameters  applicable  to  each  system  are  required.  To 
simplify  this  task,  the  user  may  request  the  contractor  submit  a  list  of 
desigi'/performcince  parameters  (Table  3.5)  in  his  maintainability  proposal 
volume.  Pan;  II  identifies  system  constants  applicable  to  each  system. 
Baseline  constants  were  determined  from  the  system  historical  data  base. 
Predicted  constants  must  be  determined  using  contractor  estimates. 

Part  III  of  the  vrarksheet  presents  the  system  analysis  evaluation  proce- 
dvii'e.  The  methodology  shows  how  each  maintenance  parameter  can  be  calculated 
for  baseline  and  predicted  criteria  plus  identification  of  technology  improve¬ 
ment  factors.  Full  or  partial  completion  of  this  part  of  the  worksheet  is  left 
to  the  discretion  of  the  Handbook  user.  All,  o  -  Just  a  few  parameters  can  be 
calculated  depending  on  the  depth  of  analysis  iquired.  See  paragraph  5.1.3 
for  a  more  detailed  procedure  on  the  calculation  of  system  maintenance  require¬ 
ments.  The  net  output  from  this  worksheet  will  answer  the  following  questions: 

1.  Are  the  contractor's  estimates  in  the  "ballpark"? 

2.  How  much  maintainability  improvement,  in  percent,  is  the  contractor 
predicting? 

3-  Do  qualitative  maintainability  features  presented  in  the  contractor's 
proposal  substantiate  these  estimates? 
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5.22  OPERATIONAL  SUPPORT  -  WUC  01 

Sfilactsd ...gAr.afflS.t g ra •  Weight  empty,  sortie  Length,  and  fuselage  wetted  area. 
MLmfagil-Q.£-B.egrq83iQn  Equations  Run:  7 

Parameters  Considered  and  Rejected;  Weight  combat  and  weight  maximum  takeoff. 

CQlflfflenta.-  Support  Action  Code  01  accounts  for  the  largest  expenditure  of 
reported  aircraft  maintenance.  Approximately  70%  of  Class  1  Support  MMH/FH  and 
27%  of  Class  1  Total  Aircraft  MMH/FH  is  reported  against  this  code.  Operational 
support  is  generally  considered  a  Navy  responsible  task  because  of  the  numerous 
routine  and  repetitive  sub-tasks  performed  under  code  01.  OPNAVINST  4790. PA 
(Ref.  18)  does  not  breakdown  code  01  to  the  3rd  digit.  However,  a  review  of  the 
data  indicates  most  commands  are  using  a  three-digit  code  breakdown  published  by 
CGMNAVAIRPAC  (Ref.  31): 


Operational  Support  (010) 
Groiond  Handling  (011) 
Servicing  (012) 

Mission  Configuration  (013) 
Ground  Safety  (014) 


Manning  Standby  Aircraft  (015) 
Troubleshoot  Launch  Aircraft  (016) 
Inertial  Navigation  System  (017) 
FOD  Walkdown  (0l8) 

Other  (019) 


From  a  contractor's  standpoint,  only  two  of  these  sub-tasks  are  considered 
design  related:  Servicing  (012).  and  Troubleshoot  Launch  Aircraft  (016). 
Additional  data  on  these  sub-tasks  is  provided  in  paragraphs  5.22.1  and  5.22.2. 


weight  empty,  sortie  length  and  fuselage  wetted  area  were  the  design 
parameters  selected  by  the  regression  analysis  program  as  having  the  greatest 
effect  on  Operational  Support.  For  the  Maintenance  Index  equation,  the 
relationship  was  directly  proportional  to  weight  empty  and  inversely 
prapo.''tional  to  soroie  length.  For  the  Frequency  Index  equation,  the 
relationship  was  directly  proportional  to  fuselage  wetted  area  and  sortie 
length.  Fighter  aircraft  required  more  maintenance  (support)  than  attack 
aircraft  because  of  their  design  characteristics  as  illustrated  in  Figures 
5-22-1  and  5.22-2. 


The  A-7E  and  F-8J  were  eliminated  from  the  regression  analysis  because  of 
unsatisfaccory  regression  correlation.  To  include  them  would  have  distorted  the 
trend  for  the  majority  of  the  aircraft. 

Completion  of  code  01  index  graphs  requires  the  user  to  complete  Part  I  of 
Figure  5-22-3.  Data  for  this  worksheet  must  be  extracted  from  the  Servicing  and 
Troubleshoot  Launch  Aircraft  worksheets. 
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WUC;  _ 01 


SYSTEM:  OPERATIONAL  SUPPORT 


f^INTENANCE  INDEX  ESTIMATION  -  MMH/FH  0  LEVEL 


ACFT 

3M  MI 

ERROR 

WEIGHT.EMPTY 

X  10^  L8S 
(WTMT) 

SORTIE  LENGTH 
HOURS 
(SL) 

ACTUAL 

CALCUUTED 

A4M 

3.705 

3.785 

-.080 

10.4 

1.550 

A6£ 

8,012 

8.368 

-.356 

26.0 

1.830 

MBA 

5.511 

5.307 

.204 

12.0 

1.050 

F40 

9.530 

9,823 

-.293 

30.8 

1.380 

F14A 

11.075 

10.738 

.337 

38.2 

1.560 

S3A 

7.938 

7.751 

.187 

26.6 

2.680 

STATISTICAL  PARAMETERS: 


REGRESSION  EQUATION 

MI  » 

-7.9012 

-1.9394 

CORREUTION  COEFFICIENT 

r  « 

0.9942 

STANDARD  ERROR  OF  ESTIMATE 

S  * 

0.4098 

CONFIDENCE  LEVEL.  955 

2S  » 

to. 8196 

NUMBER  OF  OBSERVATIONS 

N  - 

6 

5.3533 
1  (SL) 


!n  (WTK:) 


FREQUENCY  INDEX  ESTIMATION  -  MA/FH  0  LEVEL 


ACFT 

3M  FI 

ERROR 

FUSEUGE  WFTTED 
ARU  X  lOR  Ft2 
( FUSWET) 

SORTIE  LENGTH 
HOURS 
(SL) 

ACTUAL 

CALCUUTED 

A4M 

3.057 

3.308 

-.251 

.487 

1.550 

A6E 

3.754 

4.253 

-.499 

1.006 

1.830 

AV8A 

3.587 

3.158 

.429 

.541 

1.050 

F40 

3.817 

3.896 

-.079 

.913 

1.380 

F14A 

5.230 

5.132 

.098 

1.647 

1.560 

S3A 

4.950 

4.649 

.301 

_ 1 

1.004 

2.680 

STATISTICAL  PARAMETERS; 

REGRESSION  EQUATION  FI 

CORREUTION  COEFFICIENT  r* 

STANDARD  ERROR  OF  ESTIMATE  S 

CONFIDENCE  LEVEL,  95*,  2S 

NUMBER  0^  OBSERVATIONS  N 


1.8159  +  1.5686  (FUSWET’i 
+0.4695  (SL) 

0.9110 

0.6028 

11.2056 

G 
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CLASS  3  DESIGN  yAlNTENANCE  INDEX  -  Q  LEVEL  MMH/FH 


CLASS  3  DESIGN  FREDUENCY  INDEX  -  0  LEVEL  MA/FH 


FREQUENCY  INDEX  -  0  LEVEL  MA/FII  SORTIE  LENGTH,  HOURS 
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“5-22.1  SERVICING  -  WUC  012 

Selected  Parameters:  Weight  empty,  sortie  length,  and  niaximum  speed. 
lmabAr_ar-Eegr.g.33ion  Ecuations  Run:  3 

Parameters  Considered  and  Relected:  Thrust/weight  ratio,  weight  combat,  and 

weight  maximum  takeoff. 

SfiDBaalas  Empty  weight,  sortie  length,  and  maximuo  speed  were  the  three  design 
parameters  selected  by  the  regression  analysis  program  as  having  the  greatest 
effect  on  servicing. 

Analysis  showed  that  sortie  length  was  a  significant  driver  of  servicing 
maintenance.  Index  graphs  for  both  MI  and  FI  equations  show  a  negative  slope 
indicatirg  servicing  maintenance  Is  inversely  proportional  to  sortie  length. 
Aircraft  with  higher  sortie  lengths  exhibit  lower  MI  and  FI  values.  For 
example,  doubling  the  AV-SA  sortie  length  from  its  current  1.05  hour  average  to 
2.10  hours  would  reduce  the  MI  23$  and  the  FI  30$,  respectively. 

A  .Maintenance  Index  Defect  Ratio  (MIDR)  of  0.67  was  established  ba.sed  on  an 
analysis  of  A-TA  and  F-14A  demonstration  data.  The  analysis  indicates  that  67$ 
of  the  3-M  reported  sei^vicing  time  is  design  related.  Since  all  servicing  tasks 
are  considered  design  related,  Frequency  Index  Defect  Ratio  (FIDR)  =  1.0. 

The  F-8J  and  F-14A  were  eliminated  from  the  MI  regression  analysis  because 
of  unsatisfactory  regression  correlation.  For  the  FI  analysis,  the  F-Sj  was 
omitted.  Actual  MI  and  FI  values  exceeded  the  norm. 
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TABLE  5.22.1-2 


REGRESSION  ANALYSIS 


REV 


^012  SYSTEM:  SERVICING 


.MAINTENANCE  INDEX  ESTIMATION  -  .MMH/FH  0  LEVEL 


ACFT 

3M  MI 

ERROR 

i 

WEIGHT  EMPTY 

X  10-^  LBS 
(WTHT) 

SORTIE  LENGTH 
HOURS 
(SL) 

ACTUAL 

CALCULATED 

A4M 

.955 

.993 

-.038 

10.4 

1.550 

A6E 

1.022 

.992 

.030 

26.0 

1.830 

•'\7E 

1.033 

.986 

.U47 

18.9 

1.730 

AV8A 

1.136 

1.129 

.007 

12.0 

1.050 

F4J 

1.100 

1.130 

-.030 

30.8 

1.380 

S3A 

.7oQ 

.776 

-.016 

26.6 

2.680 

STATISTICAL  PARAMETERS: 

REGRESSION  EQUATION  MI  -  1.3441  +  0.0046  (vmrT) 

-0.2573  (SL) 


CORRELATION  COEFFICIENT 

r  » 

0.9672 

STANDARD  ERROR  OF  ESTLWE 

S  » 

0.0058 

CONFIDENCE  LEVEL,  952 

2S  * 

to. 0116 

NUMBER  OF  OBSERVATIONS 

N  * 

FREQUENCY  INDEX  ESTIMATION  -  MA/Fh  0  LEVEL 


Ac  FT 

3M 

ERROR 

SORTIE  LENHH 
HOURS 

(SL) 

MAXIMUM  SPEED 

X  IQJ  KNOTS 
(VMAX) 

ACTUAL 

CALCULATED 

A4M 

.913 

.097 

1.550 

.537 

A6E 

.813 

-.1-^8 

1.830 

.490 

A7E 

.847 

-.134 

1.730 

.506 

AV8A 

1.140 

1.077 

.  063 

1.05C 

.525 

F4v] 

1.208 

1.210 

-.302 

1.380 

1.230 

FI  4  A 

1.190 

1.176 

.014 

1.560 

1.3!4 

S3A 

.HZ 

.593 

.US 

2.680 

.410 

STATISTICAL  PARAMETERS: 
REGRESSION  EQUATION 

CORRELATION  COEFFICIENT 
STANDARD  ERROR  OF  ESTIMAIF 
CONFIDENCE  LEVEL,  95^ 
NUMBER  OF  G3SERVATICNS 


FI  =•  1.2895  -  G.4E81  In  (SL) 

+-0.2970  In  (\'MAa) 
r  -  0.8975 

S  -  0.07C7 

2S  -  Lu.l414 

N  -  7 


CLASS  3  OESI&M  UAiNTENAMCE  INDEX  ~  0  LEVEL  LrAOI/E H 


St 2  SttivicinB  MainUiianca  index  Graph 


Frequency  index  Graph 
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i...'2,2  TROraLESHOOT  LAUNCH  AIRCRAFT  -  WUC  016 

_ Paramfltgra:  Weight  coabat,  weight  avionics  installed,  and 

uhru«t /weight  ratio. 

Nwfflfeac-jxL^fiiixsAaLiaa.,^^  '♦ 

£.ar.aia.et era .  Considered  and  Relected:  Weight  empty,  weight  maximum  takeoff,  and 
watted  area. 

Conmeata :  Support  sub-taak  Troubleshoot  Launch  Aircraft  is  conaidared  design 
related  since  it  is  a  function  of  a<iuipment  reliability  and  fault  isolation 
ability.  Combat  wei.ght,  installed  avionics  weight  and  thrust/weight  ratio  were 
the  parameters  selected  as  having  the  greatest  Impact  on  this  task.  Regression 
analysis  results  ai e  shown  in  Figures  5.22.2-1  and  5.22.2-2. 

The  A-6E,  AT-8A  and  F-4J  were  deleted  from  the  regression  analysis  because 
actual  MMSi/FH  and  !-iA/FH  values  were  much  lower  than  calculated  values.  A 
ccirreiation  ba^-ween  aircraft  design  and  maintenance  expenditure  was  not  shown 
for  these  aiircraft. 
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TWO-DIGIT  WUC  HAINTENANCE  DATA  SUMMARY 
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KfcBREIiSION  ANALYSIS  SUMMARY 


RtV  A 


WUC:  016 


SYSTEM:  TROUBLESHOOT  LAUNCH  A/C 


MAINTENANCE  INDEX  ESTIMATION  -  MMH/FH  0  LEVEL 


3M  MI 

WEIGHT.COMBAT 

1 

ACFT 

ERROR 

X  10^  LBS 

ACTUAL 

CALCULATED 

(WTCQM) 

A4M 

.406 

.434 

-.028 

17.6 

A7E 

.814 

.947 

-.133 

25.9 

F8J 

1.158 

.992 

.166 

26.8 

F14A 

1.749 

1.305 

-.056 

49,5 

S3A 

1.513 

1.462 

.051 

38.2 

STATISTICAL  PARAMETERS: 
REGRESSION  EQUATION 

MI  « 

-3  3681  +  (WTCOM) 

CORRELATION  COEFFICIENT 
STANDARD  ERROR  OF  ESTIMATE 
CONFIDENCE  LEVEL,  95X 

NUMBER  OF  OBSERVATIONS 

r  » 

S  * 
2S  « 

N  » 

0,9773 

0.0518 
to. 1036 

5 

FREQUENCY  INDEX  ESTIMATION  -  MA/FH  0  LEVEL 


AC!=T 

3M  FI 

ERROR 

WEIGHT  AVIONICS 
INSTALLED 

X  10  LBS  (WTAVIN) 

THRUST/WEIGHT  | 

RATIO  ! 

(T/W) 

ACTUAL 

CALCULATED 

A4M 

.576 

.547 

.029 

.612 

1.076 

A7E 

.486 

.51.3 

-.027 

1.347 

.793 

F14A 

.360 

.881 

-.021 

3.039 

1.094 

S3A 

.873 

.854 

.019 

4  223 

.697 

STATISTICAL  PARAMETERS; 

REGRESSION  EQUATION  FI  •  -0.03/8  +  0.1339  (WTAVINJ 

+0.4677  (T/W) 


CORRELATION  COEFFICIE.NT  r 
STANDARD  ERROR  OF  ESTIMATE  S 
CONFIDENCE  LEVEL,  9^%  2S 
NUMBER  OF  OBSERVATIONS  N 


u 

0.0024 

t0.C043 

4 


f 


5-143 


CLASS  3  0£S«GN  MAINTENANCE  INDEX  -  0  LEVEL  MMH/FH 


CLASS  ]  3  U  MAINTENANCE  INDEX  -  0  LEVEL  UMK/FH 


CLASS  3  DESiGM  FREQUEMCV  IMOEX  -  S  LEVEL  ilA/FH 


QUENCY  IMOEX  -  0  LEVEL  MA/FH  WEIGHT  AVIONICS  INSTALL 


WUC; 

SYSTSM;. 


oisi 


CONTRACTOR:  __ 
AIRCRAFT  MODEL;. 


PART  I  contractor  DATA 


contractor  P««OICTtON3  - 

CLASI  3  OeSIQN  MAiNT.  Rfia 

ML 

MMH/FH 

MA/PH 

MMH/MA 

SMT/MA 

4 

1 

PART  II  SYSTEM  constants 


OtSiaN/PSHPONMANCi  PAHAHUTriRS 

Caaiiat,  2J3*, 

Arianie*  ^aatalia^,  lia. 
P.itio 

PARAMtTBB 

PASS 

PREO 

MSNq 

AVG  NO.  MSN  -  Q  LeVSU 

,MKN, 

AVG  NO.  .MSN  -  1  LgVSL 

— » 

j  MIlR 

MMH/PH  1  LEVEL  RATIO 

.00 

PUR 

MA/PW  i  LEVEL  RATIO 

.00 

part  III  SYSTEM  ANALYSIS 


p/vhamctsr 
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■igure  2Z2-3  Work^hyat  far  tvsluating  System  Maintenanca  Requirsmaras 
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5.23  aEAmNG  -  WUC  C2 


Selected  Paranetera;  Index  couatants  were  eatabiiahed  for  Cleaning. 
Number  of  Pe.tresaion  Eauatlona  Run:  0 


Hone 


Cnrmnenr.n:  Aircraft  Cleaning  ia  conaidared  a  ^Navy  reaponalble  aiipport  action 

taalc  Randotaneas  of  the  data  prevented  a  aatiafactory  regreaaion  analyais  frcm 
being  perfortaed.  A.?  a  roault,  index  conatanta  were  eatabliahed. 


A  Maintanance  Index  of  0.188  MMH/FH  waa  detenained  by  averaging  Claa.a  1 
0”l«vel  MMH/FH.  A  Frequency  Index  of  0.09-7  MA/FH  waa  duterained  by  averaging 
Claaa  l  Q-level  M.A/FH.  Given  those  two  coiiatanta,  the  re'caining  Claaa  1 
baseline  paranetera  can  be  calculated.  Results  are  shown  in  Figure  5.23-1. 


REV  A 


5.24  INSPECTION  -  WUC  03 


Support  Action  Code  (W’CC)  03  ide.,£ifi53  aaintenanee  expended  fox'  scheduled 
aircraft  inspections.  A  further  breakdown  to  the  third  and  subsequent  digit 
proved  to  cooplicated  because  of  the  numerous  types  of  inspections  reported  and 
the  manner  in  which  they  were  docussentert.  Instead,  a  grouping  of  03  coded  data 
by  Type  .M^intana  :e  Codes  was  selected." 


■  INS-1ICTI0N 

STANDARD 

TYPE  MAINT 
.  .  CODE 

TurnArouni'/Pref  light 

_ _ 

0  C 

C 

Daily/Spet  .al 

0:0 

D,  M,  N 

Phase 

030 

0,  J,  K,  P,  < 

Conditiona , 

03S 

S 

Other 

03Z 

A  j  E  r  F ,  L  f 

5.24.1  TURNAfiOD'ID/PREFLIGHT  INSPECTION  ^  WUC  C3C 

Selected  Parameters:  Weight  combat,  weight  empty,  and  sortitf  length. 


6 


Parameters.  Considered  and  He.leoted:  Weight  maximum  takeoff 

Comments ;  Turnaround/Preflight  Inspection  is  considered  a  design  related  support 
action  task  (F'ICR  a  1.0  and  MIDR  =  0.67).  Data  reported  under  Standard  Work 
Unit  Code  (SWUC)  03C  is  grouped  by  Support  Action  Code  03  (Inspection)  and  Type 
Maintenance  Code  C  (Turnaround,  Preflight  Inspections). 


Regression  analysis  .showed  that  combat  weight,  weight  empty  and  sortie 
length  had  the  greatest  effect  on  this  task.  As  expected,  larger  aircraft  with 
moi'e  surface  area  required  more  turnaround  and  preflight  .scheduled  maintenance. 

The  A-6E  and  F-8J  were  excluded  from  the  FI  regression  analysis  because  of 
low  regression  correlation.  Actual  values  for  both  aircraft  were  about  21% 
below  the  norm.  Specific  reasons  for  this  oould  not  be  deteni.ned  .si.rg  the 
da  ta . 


15Q 


•r '  • 
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TABLE  5.24.1-2  REGRESSION  ANALYSIS  SUMMARY 


REV  k 


WUC:  Q3C _  SYSTEM:  TURNAROUND/PREFLIGHT  INSPECTION 


MAINTENANCE  INDEX  ESTIMATION  -  MMH/FH  0  LEVEL 


ACH' 

3M  MI 

[  ERROR ' 

WEIGHT  COMBAT 

X  103  lbs 
(WTCOM) 

ACTUAL 

CALCULATED 

A4M 

.593 

.530 

.013 

17.6 

A6E 

1.615 

:.545 

.070 

45,5 

A7E 

.756 

.367 

-.111 

25.9 

AV8A 

.326 

.646 

.180 

19.5 

F40 

1.428 

1.414 

.014 

41.7 

F8J 

.679 

,898 

-.219 

26.8 

F14A 

1.612 

1.683 

-.071 

49.5 

S3A 

1.417 

1.293 

.124 

38.2 

STATISTICAL  PARAMETERS: 


REGRESSIQ*!  EQUATION 

MI  » 

-0.0282 

CORREUTIQN  COEFFICIENT 

r  » 

0.9554 

STANDARD  ERROR  OF  ESTIMATE 

S  * 

0.1188 

CQNFIOnCE  LZVa,  9SS 

2S  - 

to. 2376 

NUMBER  OF  OBSERVATIONS 

N  » 

8 

FREQUENCY  INDEX  ESTIMATION  »  MA/FH  0  LEVEL 


STATISTICAL  PARAMETERS 
REGRESSION  EQUATION 


AC  FT 

3M  FI 

ERROR 

WEIGHT'  EMPTY 

X  105  L8S 
(WTMT) 

SORTIE  LENGTH 

HOURS 

. (lU . - 

ACTUAL 

CALCULATED 

A4M 

.591 

.537 

.054 

10.4 

1.550 

A7E 

.554 

.690 

-.136 

18.9 

1.730 

AV8A 

.641 

.638 

.003 

12.0 

1.050 

F4J 

1.069 

.985 

.084 

30. B 

1.380 

R14A 

1.074 

1.115 

-.041 

38.2 

1.560  1 

S3A 

.757 

.721 

.036 

26.6 

2.680 

CORRELATIOis 


rncccTf rrNT 
STANDARD  ERROR  OF  ESTIMATE 
CONFIDENCE  LEVEL,  95S 
NUMBER  OF  OBSERVATIONS 


FI 

r 

S 

2S 

N 


0.5305 

-0.1358 

0.9417 

0.0313 

to. 0626 
6 


+  0.0208 
(SL) 


(WTMT) 


5-,5: 


REV  A 


WUC; _ 

3YSTSM: 


contractor;: _ 

AIRCRAFT  MODEL; 


PART  I  CONTRACTOR  DATA 


CT.MTRACfOH  FRBOICnaN^S  - 
CLASS  3  OSSIGN  MASNiT.  RCa 


aiaif — ■! 

ML 

SMT/MA 

0 

1 

ttmtmmai 

1 

PART  II  SYSTEM  CONSTANTS 


OBWaN/P^RI^RM^'.AICS  FARAMirrSHS 


'..g-'jfht.  Cos^at,  lax. 
:'‘»l5Sre  rapty,  lbs. 
lorri'J  laniftfi,  bra. 


PARAMCTIR 

SA$« 

PREO  1 

MSN- 

Av/G  NO.  MEN  -  0  LEV6L 

—*• 

M«.N, 

AVG  NO.  MEN  ~  1  LEVKL 

’  Mim 

rVMH/FM  1  LEVEL  RATIO 

,00 

1""" 

MA/FH  1  LEVS!.  RATIO 

.00 

_ _ J 

PART  III  SYSTEM  ANALYSIS 


Mui'rs  5.24.1-3  //iti'kjthe.rt  'or  Evaiuer^ng  Sysfum  iVtairuensfica  Requifertnufiiti 
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REV  A 


5.<'!4.2  DAILY/SPECIAL  INSPECTION  -  WUC  03D 

Solectad  Parametara:  Weight  empty,  sortie  length,  wetted  area,  and 

thnist/weight  ratio. 

Number  of  Regression  Eauatlona  Run;  10' 

Parametera  .  Considered  and  Ralg'-ve-::  Maximum  speed,  weight  combat,  and  weight 
maximum  takeoff. 

Comments;  Daily/Special  Inspection  is  considered  a  design  related  support 

action  task.  ALL  maintenance  actions  reported  against  this  code  are  the 
responsibility  of  the  contractor  (FIDR  a  1.0),  while  only  67$  of  the  maintenance 
time  is  contractor  controllable  (MIDR  a  0.67).  Dat^  reported  under  SWUC  03D  is 
grouped  by  Support  Action  Code  03  (Inspection)  ana  the  following  Type  Mainte¬ 
nance  Codes: 

D  Daily/Postflight,  Daily  Special  Inspection 

M  Hourly  Special  Aircraft  Inspections 

N  Cycle/Event  Special  Aircraft  Inspections 

The  highest  maintenance  expenditure  for  scheduled  aircraft  inspections  in 

this  grouping  was  reported  for  Daily/Special  Inspections.  MI  values  from  1.4  to 
4.0  MMH/FH  were  reported  in  the  data  base. 

The  Maintenance  Index  regression  analysis  was  found  to  be  directly  pro¬ 
portional  to  weight  empty  and  inversely  proportionauL  to  sortie  length.  The 

Frequency  Index  equation  was  fovmd  to  be  dinectly  proportional  to  fuselage 

wetted  area  and  thrust/weight  .-atio. 

The  A-4M  amd  F-3J  were  deleted  from  the  Frequency  Index  regression  analysis 
because  of  unsatisfactory  correlation.  Actual  values  for  both  aircraft  exc'^eded 
calculated  values  by  a  factor  of  two.  Average  inspection  time  measu  ed  in 
MMH/MA  was  much  lower  for  these  aircraft  than  the  other  aircraft. 
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TABLE  5.24.2-2  REGRESSION  ANALYSIS  SUGARY 


REV  A 


SYSTEM: 


MAINTENANCE  INDEJ(  ESTIMATION  -  0  LEVEL 


3M  MI 

ACTUAL 

CALCULATED 

1.445 

1.550 

3.061 

2.706 

1.894 

2.148 

2.397 

2.280 

3.678 

3.682 

2.683 

2.662 

4,038 

4.175 

1.788 

1.780 

STATISTICAL  PARAMETERS: 
REGRESSION  EQUATION 

CORRELATION  COEFFICIENT 
STANDARD  ERROR  OF  ESTIMATE 
CONFIDENCE  Lr/EL,  95% 
NUMBER  OF  OBSERVATIONS 


ERROR 


-.105 

.355 

-.254 

.116 

-.004 

.021 

-.137 

.008 


WEIW  EMPTY 
X  10^  LBS 
(WTMT) 


MI  * 

2.3571 

-1.1568 

p  » 

0.98C2 

S  » 

0.2348 

2S  - 

to. 4696 

N  » 

S 

SORTIE  LENGTH 
HOURS 

1.550 

1.830 

1.73C 

1.050 

1.380 

1.360 

1.560 

2.680 


FREQUENCY  INDEX  ESTIMATION  -  MA/FH  0  LEVEL 


2M  FI 


FUSEUGE  WE 


ACFT 

ACTUAL 

CALCUUTED 

ERROR 

AREA  X  IQJ 
( FUSWET 

A6E 

.689 

.712 

-,023 

1.006 

A7E 

.502 

.583 

-.081 

,749 

AV8A 

l.llG 

1.102 

.008 

.541 

F4J 

.981 

.961 

.020 

.913 

F14A 

1.415 

1.439 

-.024 

1.647 

S3A 

.797 

.698 

.099 

1.004 

THRUST/WEIGHT 

RATIO 

715 

93 

1./41 

1.162 

1.094 

.697 


STATISTICAL  PARAMETERS: 
REGRESSION  EQUATION 

CORRELATION  COEFFICIENT 
STANDARD  ERROR  OF  ESTIMATE 
CONFIDENCE  LEVEL,  95% 
NUMBER  OF  OBSERVATIONS 


-0.5131  +  0.7166  (FUSWET) 
+0,7052  (T/'W) 

0.5829 
0.017S 
to. 0358 
5 


.«r 


'A 
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5.24.3  fHilSE:  INSPECTION  -  WUC  Q3G 


Salected  ?ar_angtera.:  Weight  «apty  and  thru.^t/welght  ratio. 


6 


Paraaetera _CQn3iderqd  and  Re.lectad:  Sortie  length,  weight  combat,  density,  and 
weight  naxiffluffl  takeoff. 

Commenta :  Phase  Inspection  is  a  design  related  task  addressing  the  look  phase  of 
on-aircraft  scheduled  maintenance.  Data  reported  under  this  standard  WUC  is 
grouped  by  Support  Action  Code  03  (Inspection)  and  the  following  Type  Mainte¬ 
nance  Codes: 

G  Phased  Inspection 
J  Major  Engine  Inspection 
K  Special  Engine  Inspection 
P  Calendar  Odd  Inspection 

Q  Calendar  Even  Inspection 

Regression  analysis  for  the  Maintenance  Index  equation  showed  that  -weight 
empty  and  thrust/weight  ratio  were  the  most  stati cticaily  valid  design 
parameters*  Larger  aircraft  with  higher  thrust  engines  tend  to  require  ,-ore 
scheduled  miritenance . 

Two  aircraft  were  deleted  frem  tne  MI  regression  analysis  for  the  fcj lowing 
reasons.  The  S-3A  was  excluded  because  actual  MMH/FH  was  some  less  than  she 
calculated  value.  Good  maintainability  design  features  in  the  TF-34  engine  are 
noted  by  an  average  repair  time  of  leas  than  15  MMH/MA.  The  F-3J  was  excluded 
because  actual  MMH/FH  was  more  than  twice  the  calculated  value.  Excessively 
hign  repair  time  of  almost  80  MMH/MA  was  reported  for  this  olde.'  engine. 

A  Frequency  Inaex  constant  of  0.025  MA/FH  was  established  by  averaging 
Class  1  0-lavel  Ma/FH  data.  Regression  analysis  for  FI  proved  unsatisfactory 
because  all  aircraft  exhibltsd  about  the  same  MA/FH  value. 
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TABLE  5.24.3-2  REGRESSION  ANALYSIS  SUMMARY 


BEV  A 


WUC:  03G 


SYSTEM:  PHASE  INSPECTION 


MAINTENANCE  INDEX  ESTIMATION  -  MMH/FH  0  LEVEL 


ACFT 

3M  HI 

ERROR 

WEIGHT  EMP'H' 

X  10^  LBS 
(WTMT) 

THRUST/ WEIGHT 
RATIO 
(T/W) 

ACTUAL 

CALCULATED 

.645 

.658 

-.013 

10.4 

1.076 

A6E 

.380 

.841 

.139 

26.0 

.715 

A7E 

.621 

.732 

-.111 

18.9 

.793 

AV8A 

.914 

.884 

.030 

12.0 

1.741 

F40 

1.063 

,1.062 

.001 

30.8 

1.162 

F14A 

1.133 

1.180 

-.047 

38.2 

1.094 

STATISTICAL  PARAMETERS. 

REGRESSION  EQUATION  MI  *  0.1455  +  C.0186  (WTr-TT) 

+0.2962  (T/W) 


CORREUTIQN  COEFF  CIENT 

r  =• 

0.9210 

STANDARD  ERROR  OF  ESTIMATE 

S  * 

0.0349 

CONFIDENCE  LE^/a,  95S 

2S  » 

to. 069 8 

NUMBER  OF  OBSERVATIONS 

N  » 

6 

FREQUENCY  INDEX  ESTIMATION  -  MA/FH  0  LEVEL 


ACFT 

3M  FI 

ERROR 

ACTUAL 

CALCUUTED 

NO' 

r  APPLICAfl 

. 

L£ 

STATIS’ 

REGRS 

COR.qr 

CONF 

NU.MBE 

“ICAl  PARAMETERS; 

:5SIC\  EgUATION  FI  - 

.LATION  COEFFICIENT  r  - 

lARD  ERROR  OF  ESTIMATE  5  ^ 

'DENCE  LEVEL,  9ET  OS 

;r  of  observotigns  n  * 

S-I54 


4?- 


MA(NTENAf^C£  INDEX  -  0  LEVEL  MMH/FH 


InspsEtion  Maiiiienancs  L’iiIbx  Graph 
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<;vSTgM;  _ 


PART  I  CONTRACTOR  OATA 


CONTRACTOR: _ 

AIRCRAFT  MOOEL; 


CONTRACTOR  PHBD'CTIOA'S  - 
CLASS  3  OesriCN  MAINT.  RCa 


MMM/PM  MA/FH  1  MMM;MA  i  6MT/MA 


PART  II  SYSTEM  CONSTANTS 


PARAMrrSR 


OISlGMIPBAPOnMANCS  FARAMiRTSRS 


AVG  NO.  MSN  ..  O  LSVSU 
AVG  NO.  MSN  -  I  LSVgl. 
MMH/FH  I  LSVtL  RATIO 
MA/FH  I  LSVSL,  RATIO 


Irjpty,  llj*. 


PART  III  SYSTEM  .ANALYSIS  | 

FAAAMKTSR 

CALCULATION 

SASSLINC  FRIEiaiCTEO 

CLASS  1  Cl.  ACS  1 

3AF  OATA  3A«  OaTA 

(Al  IBI 

(OeORAOATlOM) 

fCJ 

— ^ ^ 

V1MMlFM|, 

VIAINT,  INOaX  aSAPH 
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SASSLINC 
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mmm 


MA/FHg 

sRCa  IM08X  graph  ■ 
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Fit^^re  5.2‘l.3-2  '.Vorkshest  for  Eva''  -  M®mtsn<,Rt8 


RKV  A 


5.2il.a  CONDITIONAL  INSPECTION  -  WUC  03S 
Selected  Par^mctara:  Weight  empty  and  density. 

.ij.Uflbar  Qf  aegreaalon  Sauationa  Run:  3 

Par.anietara  Considered  and  Re.lacted:  Weight  combat  and  wetted  area. 

Comaerts :  Conditional  Inspection  is  considered  a  design  related  support  action 

taslc.  All  maintenarico  actions  reported  against  this  code  are  the  .-eaponsibility 
of  the  contractor  (FIDR  *  1.0)  while  only  67t  of  the  maintenance  time  is 

contractor  controllable  (MIDR  =  0.67).  Data  reported  under  this  code  is  grouped 
by  Support  Action  Code  03  (Inspection)  and  Typo  Maintecancs  Code  S  (Conditional 
Inapection) . 

Regression  analysis  for  both  tiie  tlaintenance  and  Freqaency  Index  equations 
showed  that  weight  empty  and  density  wer-e  the  most  statistically  valid  design 
parameters.  Density  is  defined  as  weight  empty  divided  by  furelag*  volume. 

Variations  in  conditional  inspection  tasks  between  aircraft  resulted  in  a 
wide  dispersa).  of  the  data.  Certain  aircraft  were  deleted  from  the  regression 
analysis  because  to  include  them  would  have  distorted  the  trend  for  the  majority 
of  the  aircraft. 
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TABlt  5.24.4-2  REGRESSION  ANALYSIS  SUMMARY 


Rev  A 


WUC;  Q3S 


SYSTEM: 


SFECTION 


IMAINTFNANCE  INDEX  ESTIMATION  -  MMH/FH  Q  LEVEL 


STATISTICAL  PARAMETERS; 


ACFT 

1  MI 

i - 

ERROR 

WEIGHT  EMF IT 

X  in 3  lbs 

(IVTMT) 

DENSITY 

L3/FT-’ 

(DEN) 

ACTUAL 

CALCULATED  j 

A6E 

.478 

.502 

-.025 

26.0 

18.05 

A7E 

.268  1 

.381 

-.113 

18.9 

19.89 

AV8A 

.257 

.179 

.078 

12.0 

17.51 

F4Q 

,752 

.691 

.061 

30.8 

21. S6 

FI<  A 

.630 

.634 

-.001 

38.2 

1 

1 _ - _ _ _ 

11.43 

i  ■  REGRESSION  EQUATION 

MI  » 

-0.4957  +  0.0229 
+0.0224  (DEN) 

CORRELATION  COEFFICIENT 

r  ® 

0.9376 

STANDARD  ERROR  OF  ESTIMATE 

s  ^ 

0.0232 

CONFIDENCE  LEVEL,  95% 

2S  • 

to. 0464 

1  NUr-IBSR  OF  OBSERVATIONS 

N  » 

5 

FREQUENCY  INDEX  ESTIMATION  -  MA/=H  0  LEVEL 


3M  FI 

AianMtMW«H 

WE i GMT  EMPTY 

DENSITY 

ACFT 

- - 

ERROR 

Y  ILH  LBS 

LB/FT'i 

j 

ACTUAL 

'CALCULAft'n 

(WTMT) 

(DEI^) . 

;  A4M 

— — n 

.017 

.021 

-,004 

10.4 

17.45 

A7E 

.083 

.063 

.020 

18.9 

19.89 

AVSA 

.026 

.031 

-.005 

12.0 

17.91 

F4J 

,0C7 

.096 

-.009 

30.3 

21.56 

FBO 

.008 

.061 

-.003 

19.8 

18.62 

S3A 

.064 

.0G3 

.001 

26.5 

14.94 

STATIS' 

"ICAL  PARAMETERS; 

!  REGRESSION  EQUATION 

n  =.  -0.3111  T.  0.0561  In  (WTMT) 

1 

+0,0701  In  (DEN) 

CCRRELATION  COE.^FICiENT 

r  »  0.9355 

1  STANDARD  ERROR  OF  ESTIMATE 

S  1 

J.QOOS 

1  COiNFlDENCE  i.EVEL 

55*. 

2S  iG.OOlO 
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CLASS  S  DESIGN  MAINTENANCE  INDEX  -  It  LEVEL  MWII/FH 


Figure  5.24.4-1  WUC  Q3S  Coadiliotul  iDspection  fiXainteirance  index  Graph 


DESIGN  FREQUENCY  INDEX 


FREQUENCY 


WUC; _ 

SYSTEM:, 


O’* 


_ _  CONTRACTOR: _ _ 

_ AIRCRAPT  MODEL;. 


PART  i  CONTRACTOR  DATA 


contractor  PRSQlCnONS  - 
CLASS  3  OSStON  MAINT.  Ria 


MMW/PH 

I'MA/FH 

1  MMH/MA 

smt;ma 

r— r— 

PART  II  SYSTEM  CONSTANTS 


PARAMrriR 


OISiON/R«Rr>OflMANC8  PARAMCTIRS 

Ibi.  , 

“•iAAllg* 

Oeaiity,  Ibs/f-t  " 

MCNq 

AVG  NO.  MSN  -  0  level 

MIN, 

AVG  NO.  MSN  -  1  LEVEL 

MIIR 

MMW/PH  1  level  ratio 

RIlR 

MA/PH  1  level  ratio 

131 
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(3J 


IMT/MAg  I 
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Figure  5.24.4- .1  Worksheet  for  Eviiusting  Systsm  Maintenance  Requirements 


RHV  A 


5.24.5  OTHER  INSPECTIONS  ••  WUC  032 


Sglectgd  Paramatara t  Fuaalage  wetted  area,  c,!r;.i'Uiit /weight  ratio,  and  density. 


6 


. and.-... Rejected: 


niajciauEJ  takeoff. 


Weight  empty,  weight  combat  and  weight 


Comments :  Standard  WUC  032  ia  defined  to  include  those  support  action 

inspection  tasks  that  are  beyond  the  control  and  responsibility  of  a  contractor. 
Ail  uaintenanae  reported  aga-inst  this  code  is  the  responsibility  of  the  Na/y 
(FIDH  *  0.0,  MIDR  a  0,0).  Data  reported  under  SWDC  032  Is  grouped  by  Support 
Action  Cods  03  (Inspection)  and  the  following  Type  Maintenance  Codes: 

A  General  Support 
E  Acceptance/Transfer  Inspection 
?  Transient  Maintenance 
L  Local  Manufacture 
T  Supply  Support 
U  Reclamation  and  Salvage 

Design  paraneters  selected  by  the  .'•egress ior  analysis  program  emphasized 
aircraft  physical  size  and  performance  such  as  fusislage  wetted  area,  density  and 
thru.st -co-weight  ratio.  Larger  aircraft  with  nigher  thruat-to-weight  ratios 
tend  to  require  laore  miscellaneous  scheduled  maintenance. 

Certain  aircraft  were  deleted  from  the  regression  analysis  because  to 
include  them  would  have  distorted  the  trend  for  the  majority  of  the  aircraft. 


5  S73 


V* 


TABLE  5.24.5-1  TWO-OIGIT  WliC  MAINTENANCE  DATA  SUMMARY 


:T  APPLl CABLE 


XmiF.  5.24.^-? 


REGRSSSIO.^  MiAUZlS  SL'MMASV 


KSV  A 


03Z  _  SYSTEM:  QTMER  INSPECTONS 


MAINTENANCE  INDEX  ESTIMATION  -  0  LEVEL 


ACET 

3M 

MI 

ERROR 

FUSELAGE  WETTED 
AREA  X  lO'^  n’2 
( F-USWET) 

TriRUST/WEIGHT 

RATIO 

(VVJ) 

ACTUAL 

CALCULATED 

A4M 

.375 

.346 

.029 

.487 

1.076 

A6I: 

.'<01 

.333 

-.034 

1.006 

.715 

A7E 

.2+5 

,286 

-.041 

.749 

.793 

AV8A 

.710 

.723 

-.013 

.541 

1.741 

F4J 

.559 

.543 

.Ole 

.913 

1.162 

S3A 

.367 

.324 

.043 

J 

1.G04 

.697 

STATlSTICAf.  PARAMETERS: 

i 

REGRESSION  EQUATIOW 

MI  «  -0.4068  +  0.3538  (FUSWET) 

+0.6392  (T/U) 

1 

CORRELATION  COEFFICIENT 

r  *  0.9804 

STANOARO  ERROR  OF  ESTiMATE 

S  »  0.0059 

CONFIDE.NCE  LEVEL, 

95X 

2S  *  to. 0118 

NUMBER  OF  OBSERVATIONS 

N  =•  6 

1 

FREQUENCY  INDEX  ESTIMATION  ••  MA/FK  G  LEVEL 


mCFT 

3r1 

FI 

ERROR 

Tri  RUST/WE  I GJTT 
RATIO 
(T/W) 

DENSITY 

LB/FT3 

(OcN) 

ACTUAI, 

CALCllLAi'U 

A6E 

.06.2 

074 

.008 

.713 

18.05 

A7E 

089 

.J90 

-.001 

.  793 

.9.89 

AVOA 

,  100 

.C9C 

.002 

.1,741 

17.91 

F4G 

.107 

ni 

-.004 

1.162 

21.55 

S3A 

.046 

.051 

-.005 

.697 

14.94 

S^'ATiSTICAL  .^ARAMt—tPS : 
REGRESSION  EQUATION 

CCRRELATICN  COEF'^ICIENT 
STANGARD  EPPGR  OF  ESTIMATE 
CONFIDENCE  L'VEL.  95T 
NIM6EP  OF  observation: 


FI  «  0.0760  +  0.0S45  ( T/W) 

Hj.0074  (DEN) 
r  •  Q.3767 

S  *  O.OCOl 

•;>S  *  to. 0002 


i 


I 

.i 


Si7S 


^  «■ 


liisiiectioni  filainien^^ice  index  Gtepk 


higur*  i24-5-3  '.VofkstuMif  ?.-u  Evaluatinq  Sysiam  Msii>t8n»nc8  Hanuir8mBir.,5 


REV  A 


5.25  CORROSION  PREVENTION  -  WUC  OA 

Selectad  Parameters:  Fuaelaga  wetted  ai'sa  and  thrust/weight  ratio. 

l^njb.gf.-aLitasi:3aaifln-£guatIana--fiun:  9 

Parametera  Conaldered  and  Rejected:  Density,  weight  empty,  max  speed,  weight 

combat,  and  weight  maximum  takeoff. 

Goiaments :  Corrosion  Prevention  is  considered  a  design  related  support  action 

task.  All  maintena.nco  actions  reported  against  this  code  are  the  responsibility 
of  the  contractor  (FIDR  =  1.0)  while  only  SJ%  of  the  maintenance  time  is 

.ontractor  controllable  (MDh  0.67).  Data  reported  under  this  code  is  grouped 
by  Support  Action  Coda  04  and  all  Type  Maintenance  Codes. 

Regression  analysis  showed  that  fuselage  wetted  area  and  totcLl  aircrcft 
thnjst-to-waight  ratio  were  the  .most  statistically  valid  design  parameters. 

Certain  aircra.ft  wore  deleted  fran  the  analysis  because  to  include  them  would 

have  distorted  the  trend  for  the  majority  of  the  aircraft. 

This  task  is  very  dependent  on  aircraft  age.  New  aircraft  require  less 
corrosici  prevention  than  older  aircraft.  A  case  history  study  on  one  type 

aircraft  showed  average  annual  MMii/FH  has  tripled  from  the  first  through  the 

seventh  year  of  operation.  A  leveling  off  in  MMH/FH  was  noted  on  that  aircraft 
about  two  years  after  ICC. 
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TA3LE  5.26-1  TWO-DIGIT  WUC  MAINTENAHCE  DATA  SUMMARY 
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REGRESSION  ANALYSIS  SUMMARY 


REV  A 


WUC:  040 


SYSTEM: 


MAINTENANCE  INDEX  ESTIMATION  -  Q  LEVEL 


ACFT 

3M  MI 

ERROR 

FUSELAGE  WETTED 
AREA  X  10 3  FT^ 

( FUSWET) 

1 - - - - 

THRUST/WEIGHT 

RATIO 

(T/W) 

ACTUAL 

CALCUUTED 

A4M 

.191 

.308 

-.117 

.487 

1.076 

A6E 

1.069 

1.125 

-.056 

1.006 

.715 

AV8A 

1.290 

1.478 

-.188 

.541 

1.741 

F4,3 

1.935 

1.569 

.366 

.913 

1.162 

ASJ 

1.538 

1.165 

.373 

.861 

.990 

F14A 

3.314 

3.409 

-.945 

1.647 

1.094 

S3A 

.808 

1.091 

-.283 

1.004 

.697 

STATISTICAL  PARAMETERS: 

REGRESSION  EQUATION  MI  »  -2.6456  +  2.6493  (FUSWET) 

+1.5454  (T/W) 


CORRELATION  COEFF 

ICIENT 

r  » 

0.9642 

STANDARD  ERROR  OF 

ESTIMATE 

S  - 

0.4142 

CONFIDENCE  LEVEL, 

95S 

2S  • 

to. 8284 

NUMBER  OF  OBSERVA' 

TIONS 

N  * 

7 

FREQUENCY  INDEX  ESTIMATION  -  MA/FH  0  LEVEL 


ACFT 

3M 

FI 

— 

ERROR 

FUSELAGE  WETTED 
AREA  X  10-^  n2 

ACTUAL 

CALCULATED 

( FUSWET) 

A4M 

.076 

.  12? 

-.0A9 

.487 

A7E 

.321 

.259 

.062 

.749 

AV8A 

.192 

.158 

.034 

.541 

F4J 

.318 

.321 

-.003 

.913 

F8J 

.297 

.303 

-.006 

.861 

F14A 

.512 

.506 

.006 

1.647 

S3A 

.307 

.351 

-.044 

1.004 

STATIS" 

'ICAL  PARAME' 

'ERS: 

i 

! 

REGRESSION  EQUATI 

ON 

FI  «■  0. 

3948  +0,3130  !n  7 

l),3WET) 

CQRRELATIQiN  COEFF 

'ICIENT 

r  -  0 . 

9361 

STANDARD  ERROR  Of 

ESTIMATE 

3  -  0. 

0094 

CONF’ 

DENCE  level 

»  to. 

018S 

■R  OF  OBSERVATIONS 

N  -  7 

5  181 


Cl  ASS  3  0£StGN  MAlNIENANCt  INDEX  0  LEVEL  MMtl/FH 


REV 


WUC; 

CONTRACrOR:  _ 

SYSTEM- 

'■-'r-5Sl.'rn  -.n 

AIRCRAPT  MOQEL; 

PART  III  SYSTEM  ANALYSIS 


OISQN/PSRPQRMANCS  PAHAMCTIRS 

'■iStlAg*  V»K*d  .Vma,  ft'‘ 

PART  II  SYSTEM  constants 


PARAMrrtR 

PREO 

MJNq 

AVG  NO.  MIN  -  0  LEVEL 

— 

MIN, 

AVQ  NO.  MIN  -  i  LEVEL 

MIIR 

MMH/PH  1  LEVIL  ratio 

.CJlt 

PUR 

MA/PH  1  LEVEL  RATIO 

.09 

1 

PART  I  CONTRACTOR  DATA 


CONTRACTOR  PRBDICnONS  - 
CLASS  3  OCSION  MAINT.  RCa 


ML 

MMH/PM 

MA/PK 

MMH/MA 

EMT/MA 

TP 

1 

Pigur*  5.25-3  WorltsliMt  for  Evitti»unq  Syitom  .‘vlaintiniinci  FItquirsmanu 


5  (S4 


♦  ijr 


HEV  A 


5.26  SHOP  SUPPORT  -  WUC  05 

Sqlisetad  Parametera;  Weight  empty,  and  thrust /weight  ratio. 
tLuaber.Qf  .Regress ion  Sauatiana  Run:  4 

Parametera  Considered  and  Relected;  Weight  ocsmbat  and  weight  maximum  takeoff.- 

Comments ;  Standard  WUC  05  is  defined  to  include  those  support  action  tasks  th?t 
are  beyond  the  control  and  responsibility  of  a  contractor.  All  maintananct;- 
reported  against  this  code  is  the  responsibility  of  the  Mavy  (FIDR  s  0.0,  MIDR  r 
0.0).  Data  reported  under  3MUC  05  Includes  the  following  support  actions: 

05  General  Functions 

06  Buildup  and  Taardown/Engine  Tost  Stand  Operation 

07  Mission  Shop  Support 

08  Inspection  of  Aviator's  Equipment 
09  Non-Aeronautical  Work 

Regression  analysis  for  both  the  Maintenance  and  Frequency  Index  equations 
.showed  that  weight  empty  and  thrust-to-weight  ratio  were  the  most  .statistically 
valid  design  parameters.  Certain  sub-tasks  Identified  in  Ref,  31  were  adjusted 
to  the  Fleet  average  to  insure  a  more  representative  data  sample.  As  shown 
below,  actual  MMH/FH  values  for  some  aircraft  exceeded  the  normi  because  of 
unique  maintenance  requirements.  Adjustments  were  made  by  averaging  MMK/FH 
values  for  the  remaining  aircraft  reporting  maintenance  data  against  that  given 
sub-task.  A  similar  adjustment  was  made  for  MA/FH. 


SUB.-TA3K 

LlI 

CLASS  1 
0-LEVSL 

ADJUSTED  TO 

052 

Painting 

F-3J 

.  370 

.  102 

057 

Test /Inspect /Service 

AV-SA 

.635 

.025 

070 

Mission  Shop  Support 

F-3J 

.58  . 

.171 

076 

Sonobuoys 

S-3A 

.  130 

.000 

077 

ECM/Chaff 

A-UM 

.233 

.0  1? 

07a 

Tape/r ilm 

A-4h 

.441 

.025 

090 

Non-Aero  Wc'^k 

AV-.8A 

.0  17 

•  Ob': 

5-13S 

f 


4^  vr 
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table  5.26-2  REGRESSION  ANALYSIS  SUMMARY 


WUC: 


QL 


SYSTEM:  SHOP  SUPPORT 


, MAINTENANCE  INDEX  EETIMATI  -  ,MMH/FH  0  LEVEL 


ACFT 

3M  MI 

ERROR 

WEIGHT  EMPTY 

X  io3  lbs 

(WTMT) 

THRUST/ WEIGHT 
RATIO 
(T/W) 

ACTUAL 

CALCUUTED 

A4M 

.520 

.531 

- 

-.011 

10.4 

1.076 

A6E 

.608 

.661 

-.053 

26.0 

.715 

ATE 

.60S 

.597 

.009 

13.9 

.793 

AV8A 

.812 

.819 

-.007 

12.0 

1.741 

F4J 

1.041 

.961 

.080 

30.8 

1.162 

FSJ 

.727 

.723 

.004 

19.8 

.990 

F14A 

.941 

1.009 

-.068 

38.2 

1.094 

S3A 

.703 

. . — - 

.657 

.046 

26.6 

.697 

STATISTICAL  PARAMETERS: 
REGRESSION  EQUATION 

CORRELATION  COEFFICIENT 
STANOARD  ERROR  OF  ESTIMATE 
CONFIDENCE  LEVEL,  955 
NUMBER  OF  OBSERVATIONS 


MI 

r 

c 

<«> 

2S 

N 


-0.3:10  T 
+0.491O  Ir 
0,9625 
0.0163 
to. 0326 
3 


C.3613 

'  (T/W) 


in 


(WTMT) 


FREQUENCY  INCEX  ESTIMATION  -  MA/FH  0  LEVEL 


ACFT 

r 

CM 

FI 

ERROR 

WEIGHT  EMPTY 

X  10 3  lbs 
(WTMT) 

THRU.ST/WEIGHT 

RAT  TO 
(T/W) 

ACTUAL 

CALCULATED 

A4M 

.312 

.285 

.027 

1.0.4 

i.076 

A7E 

.364 

.349 

.015 

18.9 

.793 

AV8A 

.411 

.417 

-.006 

12.0 

1.741 

F4J 

.590 

.567 

.023 

30.8 

1.162 

fSJ 

.341 

.394 

-.053 

19.8 

.990 

S3A 

.429 

.434 

-.005 

26 . 6 

.697 

STATIS’ 

'ICAL  PARAME" 

'ERS; 

1 

REGR: 

.55 ION  EOUAHON 

FT  “  -0.0316  +  0.013  (WTMT) 

Ml. 1675  (T/W) 

CORFU 

'.ATICN  COEFFICIENT 

r  »  L 

J.954F 

i  stancmRd  error  of 

EST i MATE 

3  -  U.C043 

COnF. 

OE'ICt  EF  EL 

454 

2S  «  to.oose 

j 

Nl M8ER  OF  OBSERVE 

V  i :  u  r  *  s 

N  3  6 

i 

r 

sia 
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23 . 

29. 

30. 


31. 


01~75.PA~8.  Naval  Air  Systems  Command,  0-  S.  Navy,  Washington, 
Janua-y  15,  1976. 


liQriL™lQl£,._i^  _ _ Naw  Serle3__S-3 _ • 

0  1-vS3AA-8,  Naval  Air  Systems  Command,  U.  S.  Navy,  Washington, 
August  1,  197^. 


Ol-VS-fl.  Naval  Air  Systems  Command,  IJ.  S.  Navy,  Washington, 
Deoember  1,  1975. 
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